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Infectious  laryngotracheitis  (TLT)  is  a  respiratory  disease  of  chickens  caused  by  an 
alphaherpesvirus.  Disease  results  in  production  losses  due  to  condemnations,  mortality  and 
decreased  egg  production.  ILT  has  been  controlled  using  modified-live  vaccines.  Problems 
with  vaccination  include  vaccine  spread,  reversion  to  virulence,  development  of  carrier 
state  with  shedding,  and  adverse  reactions. 

Two  experimental  recombinant  vaccines,  Fowlpox  Virus/Infectious 
Laryngotracheitis  Virus  vaccine  (FPV/ILTV)  and  Herpes  Virus  of  Turkey/Infectious 
Laryngotracheitis  Virus  vaccine  (HVT/TLTV),  expressing  genes  of  ILT  V,  were  tested  in 
Specific-Pathogen-Free  (SPF)  chickens  against  DLT  standard  USDA  virus  challenge. 
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In  experiment  1,  280  SPF  chickens  were  divided  into  6  treatment  and  1  control 
groups.  Forty  chickens  per  group  were  challenged  at  28  days  with  ILTV,  using  low 
(103  5),  standard  (1040),  or  high  (104  5)  doses  and  administration  by  the  infraorbital  sinus 
injection  (IS)  or  the  intratracheal  inoculation  (IT).  This  study  demonstrated  that  clinical 
signs  and  mortality  depended  on  the  titer  and  challenge  routes.  Higher  doses  and  IT 
challenges  resulted  increased  mortality  and  shorter  incubation  period. 

In  experiment  2,  450  SPF  chickens  were  divided  into  6  treatment  and  3  control 
groups.  Chickens  were  immunized  with  a  commercial  cell  embryo  origin  (CEO-moderate) 
vaccine  or  with  a  experimental  recombinant  FPV/ILTV  vaccine  at  1  or  21  days  of  age.  At 
42  days  of  age,  chickens  were  challenged  with  the  ILTV  standard  dose  by  the  IS  or  IT 
routes.  Chickens  immunized  at  1  day  of  age  with  CEO-moderate  (CEO-M)  vaccine  had 
adverse  vaccine  reactions  with  19%  of  mortality.  After  the  challenge  the  CEO  vaccinated 
groups  had  higher  protection  than  the  recombinant  FPV/ILTV  vaccinated  groups.  There 
were  no  adverse  reactions  or  mortality,  resulted  from  the  recombinant  vaccinated  groups. 

In  experiment  3,  450  SPF  chickens  were  divided  into  5  treatment  and  3  control 
groups.  Chickens  were  immunized  with  commercial  CEO-mild  (CEO-m)  at  1  day  of  age, 
CEO-M  at  21  days  of  age,  or  recombinant  HVT/ILTV  vaccine  at  1  day  of  age.  At  42 
days  of  age,  chickens  were  challenged  with  ILTV.  Chickens  immunized  with  CEO-m 
vaccine  at  1  day  of  age  showed  adverse  reactions  with  7%  of  ILT  (+).  The  recombinant 
HVT/ILTV  vaccine  provided  100%  protection. 

The  efficacy  and  safety  of  recombinant  FPV/ILTV  and  HVT/ILTV  vaccines  were 
demonstrated.  HVT/ILTV  induced  superior  protection  compared  to  the  FPV/ILTV.  The 
protection  of  the  HVT/ILTV  was  comparable  with  the  CEO  vaccines. 
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CHAPTER  1 
INTRODUCTION 


Current  poultry  vaccines  consist  of  live,  attenuated  or  killed  microorganisms. 
Vaccines  produced  using  these  conventional  approaches  have  become  an  invaluable  part 
of  disease  prevention  and  control  programs  in  the  poultry  industry.  Effective  commercial 
vaccines  are  available  for  most  important  poultry  diseases  and  vaccines  have  played  a 
major  role  in  permitting  the  remarkable  expansion  of  the  poultry  industry  over  the  last  40 
years.  Although,  commercial  vaccines  are  generally  considered  safe  and  effective,  many 
have  disadvantages  including  spread  of  the  vaccine  microorganisms  to  nonvaccinated 
chickens  (e.g.,  IBV,  ILT),  increase  in  virulence  following  serial  flock  passage,  post- 
vaccination  reactions  (e.g.,  ILT,  ND),  interference  when  high  levels  of  maternal  antibodies 
are  present  (e.g.,  early  IBD  vaccination),  inadequate  immune  response  requiring  re- 
vaccination  (e.g.,  Coryza),  and  high  costs  and  stress  from  individual  chicken  handling 
(Bagust  et  al.,  1986;  Guy  et  al.,  1991;  Hughes  et  al.,  1991;  Luengo,  1996). 

ILT  infections  in  commercial  poultry  operations  may  result  in  clinically  inapparent 
infection  of  the  upper  respiratory  tract.  This  may  result  in  persistence  of  infection  in  a 
poultry  operations  and  is  of  major  concern  to  commercial  poultry  producers.  Transmission 
of  this  virus  occurs  more  readily  from  acutely  infected  chickens  than  through  contact  with 


1 


clinically  recovered  carrier  chickens  (Baudette,  1937).  A  latent  phase  of  ILT  has  been 
demonstrated  in  clinically  recovered  chickens  (Bagust,  1986).  Natural  stressors  such  as 
change  of  housing,  vaccination  procedures,  and  onset  of  reproduction  may  induce  ILTV 
re-excretion  (Raggi  and  Lee,  1965;  Bagust  and  Guy,  1997). 

Currently  available  ILT  vaccines  usually  confer  protection  against  disease 
following  ILTV  challenge,  and  the  duration  of  protection  normally  persists  for  15  to  20 
weeks.  The  degree  of  protection  depends,  to  a  large  extent,  on  the  type  of  ILT  vaccine 
(mild  or  moderate)  administered  and  can  be  correlated  to  resulting  antibody  titer  levels 
(Hitchner,  1975;  Jordan,  1981;  Andreasen  et  al.,  1989b).  Infectious  laryngotracheitis 
vaccines  stimulating  the  production  of  low  levels  of  circulating  antibodies  may  induce  a 
mild  immunity  in  chickens  and  usually  contain  sufficient  virus  to  allow  spread  to  non- 
vaccinated  chickens  in  the  same  or  other  farms.  This  process  may  play  a  major  role  in  the 
spread  of  this  disease  (Davidson  et  al.,  1989b;  Guy  et  al.,  1990). 

One  of  the  major  problems  associated  with  the  use  of  the  modified-live  ILT  strains 
in  current  vaccines,  administered  to  prevent  and  control  ILT  outbreaks  around  the  world, 
is  that  they  retain  their  pathogenicity  and  are  capable  of  spreading  from  vaccinated  to 
unprotected  chickens.  The  degree  of  virulence  of  ILT  vaccine  strains  may  increase 
following  bird  to  bird  or  flock  to  flock  passages  following  vaccination.  This  results  in  an 
increase  in  ILTV  virulence  and  subsequent  transmission  of  this  more  virulent  ILTV 
vaccine  virus  (Clarke  et  al.,  1980;  Bagust,  1986;  Hughes  and  Jones,  1988;  Hughes  et  al., 
1987,  1991;  Guy  et  al.,  1991). 
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Currently,  there  is  world-wide  research  activity  involving  recombinant  DNA 
technology.  Important  findings  are  being  reported  such  as  the  Fowlpox/Newcastle 
recombinant  vaccine  which  is  already  commercially  used  and  is  the  first  genetically 
engineered  poultry  vaccine.  This  recombinant  vaccine  contains  a  modified  Fowlpox  virus 
(FPV),  which  has  been  used  as  a  vector  for  expressing  antigens  against  Newcastle  disease 
virus  (NDV)  and  FPV,  and  induces  protective  immunity  against  both  diseases  (Carlson, 
1985;  Purchase,  1985;  Binns  et  aL,  1988;  Boursnell  et  al.,  1990a,  b;  Edbauer  et  al.,  1990; 
Ogawa  et  al.,  1990). 

Recently,  Keeler  et  al.  (1991)  described  the  characterization  of  five  glycoproteins 
(gB,  gC,  gD,  gX,  gK)  from  the  envelope  of  the  ILTV,  which  are  consider  the  most 
important  immunogens  responsible  for  stimulating  both  humoral  and  cell-mediated 
immunity  (Purchase,  1985;  York  et  aL,  1987;  York  and  Fahey,  1988,  1990).  Recombinant 
viral  vaccines  consist  of  inserting  immunogen  genes  from  a  pathogenic  microorganism  into 
nonessential  genomic  regions  of  a  vector  virus  (Taylor  et  al.,  1988,  1996;  Nazerian  et  al., 
1996;  Swayne  et  al.,  1997).  Fowlpox  virus  and  Herpes  virus  of  Turkeys  are  the  most 
common  avian  viruses  which  have  been  used  as  vector  viruses  to  express  epitopes  of 
ILTV  or  NDV  (Ogawa  et  al.,  1990;  Morgan  et  al.,  1992,  1993;  McMillen  et  al.,  1994; 
Heckert  et  al.,  1996;  Reddy  et  al.,  1996;  Nazerian  et  al.,  1996). 

Fowlpox  virus  has  a  large  double-stranded  DNA  with  two  separate  non-essential 
genomic  regions  suitable  for  foreign  gene  insertion  (Taylor  et  al.,  1988,  1996;  Nazerian  et 
al.,  1996).  Herpesvirus  of  Turkey  is  also  a  DNA  virus  classified  as  serotype  III  of  the 
Marek's  disease  virus  (MDV)  family  (Witter,  1985;  Saif  et  al.,  1994;  Marsh  et  al.,  1995, 
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1997;  Calnek  and  Witter,  1997).  HVT  is  a  non-pathogenic  herpesvirus  which  has  been 
used  to  vaccinate  one-day-old  chickens  to  protect  them  against  virulent  forms  of  MDV 
serotype  I  (Witter,  1971,  1987;  Lee  et  al.,  1983;  Calnek  et  al.,  1989;  Moore  et  al.,  1994; 
Witter  et  al.,  1997). 

Recombinant  DNA  technology  has  created  new  avenues  for  manipulating  viral 
genes  and  has  the  potential  to  improve  poultry  vaccines  in  the  future.  To  demonstrate  high 
protective  efficacy  and  safety  of  two  experimental  recombinant  vaccines,  Fowlpox/ILTV 
and  Herpes  Virus  of  Turkey/ILTV  vaccines  in  susceptible  chickens,  would  provide  an 
invaluable  advantage  to  producers  in  attempting  to  control  and  prevent  this  costly  disease. 


CHAPTER  2 
LITERATURE  REVIEW 


Infectious  laryngotracheitis  (ILT)  is  an  acute  viral  disease  characterized 
by  sneezing,  dyspnea,  coughing,  rales,  gasping,  nasal  discharge,  and  expectoration  of 
bloody  exudate.  The  disease  was  first  reported  in  1925  by  May  and  Tittsler,  and  later 
characterized  as  a  highly  contagious  respiratory  disease  in  young  and  adult  chickens 
(Hitchner  et  al.,  1977;  Curtis  and  Wallis,  1983,  Bagust  et  al.,  1986,  Cover,  1996).  This 
disease  is  caused  by  the  laryngotracheitis  virus  (ILTV)  which  is  a  member  of  the 
herpesviridae  family.  The  family  has  three  subfamilies,  alphaherpesvirinae, 
betaherpesvirinae,  and  gammaherpesvirinae.  Laryngotracheitis  virus  belongs  to  the 
alphaherpesvirinae  subfamily  and  consists  of  one  genus.  Viruses  in  this  subfamily  have 
genomes  consisting  of  a  double  stranded  DNA  core  containing  a  capsid  with 
icosahedral  symmetry,  varying  from  80-100  nm  in  diameter  with  162  capsomeres 
(Watrach  et  al.,  1959,  1963;  Cruickshank  et  al.,  1963;  Nii  et  al.,  1968),  an  amorphous 
layer  called  the  tegument,  and  an  envelope,  consisting  of  a  lipid  bilayer  membrane 
surrounding  the  tegument.  The  complete  ILTV  particle  is  195-250  nm  in  diameter. 
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The  surface  of  the  envelope  has  glycoprotein  projections  that  react  with  neutralizing 
antibodies.  The  replication  cycle  after  infection  in  the  natural  host  occurs  by 
pinocytosis  in  approximately  10-12  hours.  This  virus  is  adsorbed  on  the  surface  of  the 
respiratory  epithelial  cells.  The  envelope  and  capsid  are  destroyed  by  host  enzymes, 
releasing  viral  DNA  that  migrates  to  the  host  cell  nucleus  (Watrach  et  al.,  1959; 
Holmes  and  Watson,  1963;  Reynolds  et  al.  1968).  Completed  nucleocapsids  later 
migrate  through  the  host  epithelial  cell  nuclear  membrane,  which  forms  the  envelope 
of  the  virus.  The  new  ILT  viruses  accumulate  in  the  cytoplasm  within  of  vacuoles. 
These  vacuoles,  full  of  ILTV,  migrate  to  the  plasma  membrane  and  release  the  virus 
into  the  lumen  (Nii  et  al.,  1968;  Prideaux  et  al.,  1992;  Cheville,  1994). 

There  is  one  recognized  serotype  of  ILTV  which  is  characterized  by  the 
differing  virulence  of  the  isolates.  Virulence  is  determined  based  on 
virus-neutralization  (VN),  enzyme-linked  immunosorbent  assay  (ELISA)  or 
immunofluorescence  test,  using  specific  antiserum  (Ohkubo  et  al.,  1988;  Sander  and 
Thayer,  1997) .  However,  distinction  between  ILTV  field  strains  with  different 
pathogenicity  from  ILTV  vaccine  strains  continues  to  be  a  problem  (Gelenczei  and 
Marty,  1964;  Izuchi  and  Hasegawa,  1982;  Kotiw  et  al.,  1986;  York  and  Fahey,  1988 
Andreasen  et  al.,  1990;  Cloud  et  al.,  1995;  Abbas  and  Andersen,  1996).  Recent 
analyses  of  DNA  patterns  with  restriction  endonuclease,  polymerase  chain  reaction, 
and  cloned  DNA:DNA  hybridization  to  help  differentiate  ILTV  pathogenicity  have 
been  conducted  with  some  success  (Kotiw  et  al.,  1982,  1986;  Leib  et  al.,  1986;  Guy  et 


7 

al.,  1989;  Keller  et  al.,  1992;  Keeler  et  al.,  1993;  Key  et  al.,  1994;  Williams  et  al., 
1994;  Fatunmbi  et  al.,  1995;  Alexander  and  Nagy,  1997;  Clavijo  and  Nagy,  1997). 

Laryngotracheitis  virus  affects  chickens  of  all  ages,  but  the  most  characteristic 
clinical  signs  and  lesions  are  exhibited  in  adult  chickens.  Infectious  laryngotracheitis  is 
a  contagious  disease  with  infection  to  the  natural  host  through  the  upper  respiratory 
tract  and  through  the  ocular  route.  Transmission  of  the  disease  occurs  more  readily 
from  acutely  infected  chickens  than  through  contact  with  clinically  recovered  carrier 
chickens  (Baudette,  1937;  Kingsbury  and  Jungherr  1958;  Purcell,  1971b). 

Clinically  inapparent  ILTV  infection  of  the  respiratory  tract,  resulting  in 
persistence  of  infection,  is  of  major  concern  in  the  commercial  poultry  industry. 
Reactivation  of  latent  ILTV  has  been  reported  from  chickens  after  stress  and  is 
including  the  onset  of  egg  production  (Hughes  et  al.,  1989).  The  incubation  period  is 
between  6-12  days  after  natural  exposure,  and  this  varies  depending  primarily  upon 
the  volume  of  inoculum  and  route  of  infection  (Seddon  and  Hart,  1935;  Holmes  and 
Watson,  1963;  Davidson  et  al  ,  1989a).  Intratracheal  exposure  results  in  a  reduction  of 
the  incubation  period  to  2-4  days  (Benton  et  al.,  1958).  Mortality  varies  between  5  to 
70%  while  morbidity  varies  between  5  to  98%  (Seddon  and  Hart,  1935;  Davidson  et 
al.,  1989b). 

The  clinical  signs  of  ILT  are  characterized  by  respiratory  depression,  nasal 
discharge,  sneezing,  gasping,  rales,  and  bloody  expectoration  in  the  acute  phase. 
Clinical  signs  in  mild  forms  are  lowered  egg  production,  watery  eyes,  conjunctivitis, 
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swelling  of  the  infraorbital  sinuses,  and  nasal  discharge  (Pulsford  and  Stokes,  1953; 
Cover  and  Benton,  1958).  Generally,  most  chickens  recover  in  10-14  days  following 
infection  (Bagust  et  al.,  1986;  Vanderkop,  1993). 

Gross  lesions  are  prominent  in  the  trachea  and  the  larynx,  which  in  the  early 
stages  undergo  a  mucoid  inflammation,  later  resulting  in  necrosis  and  hemorrhage. 
Also,  expulsion  of  desquamated  epithelial  tissue  and  blood  clots  may  occur  during 
violent  coughing.  Edema  and  congestion  of  the  conjunctiva  and  infraorbital  sinuses 
can  be  observed  in  chickens  infected  with  the  less  pathogenic  ILTV  strains  (Linares  et 
al.,  1994;  Bagust  and  Guy,  1997). 

Microscopically,  the  lesions  of  ILT  are  characterized  by  presence  of 
intranuclear  inclusion  bodies  in  the  upper  respiratory  tract  epithelial  cells.  These  cells 
first  become  enlarged  due  to  edema.  The  cilia  degenerate  and  disappear.  Necrosis  and 
desquamation  of  epithelial  syncytia,  with  marked  infiltration  of  heterophils, 
lymphocytes,  congestion  in  the  lamina  propria,  and  hemorrhage  sometimes  are 
reported  (Pirozok  et  al.,  1957;  Purcell,  1971a;  Goodwin  et.  al.,  1991). 

Hayashi  et  al.  (1985)  followed  the  sequential  pathological  changes  in  the 
tracheal  mucosa  in  chickens  infected  with  ILTV  by  using  light  and  scanning  electron 
microscopy.  They  observed  hypertrophy  and  hyperplasia  of  goblet  cells  at  1  day  after 
infection.  By  day  3  post-infection  (PI),  there  was  gradual  formation  of  syncytia  with 
large  numbers  of  intranuclear  inclusion  bodies.  Epithelial  syncytia  desquamated  and  a 
serofibrinous  exudate  collected  on  the  surface  of  the  mucosa  forming  a 


9 

pseudomembrane.  By  day  5  PI,  the  remaining  epithelial  cells  began  to  regenerate  and 
repair  the  necrotic  mucosa.  By  day  16  PI,  the  epithelial  surface  was  intact  and  covered 
with  cilia. 

Maternal  ILT  antibodies  can  be  passed  from  immune  hens  to  progeny  in  their 
the  eggs.  However,  these  antibodies  are  not  transferred  in  adequate  levels  to  provide 
protection  to  progeny  against  ILTV  challenge  and  can  probably  interfere  with 
vaccination  response  (Benton  et  al.,  1960;  Shibley  et  al.,  1962;  Fahey  et  al.,  1984; 
Fahey  and  York,  1990).  Infectious  laryngotracheitis  virus  seems  to  be  particularly 
refractory  to  the  effects  of  antibody  and  resistance  to  disease  may  rely  solely  upon  a 
cell-mediated  thymus-dependent  mechanism  (Powell,  1987;  York  and  Fahey,  1990; 
Sharma,  1991). 

Since  the  early  1930s,  ILT  vaccines  have  been  providing  uniform  immune 
response  when  the  vaccine  had  sufficient  virus  titer  and  were  administered  properly. 
Vaccines  that  had  low  titers  or  were  improperly  administered  induced  a  mild 
immunity  in  chickens  and  usually  had  sufficient  virus  to  spread  and  infect  unprotected 
chickens.  This  after  resulted  in  unwanted  vaccine  reactions  and  disease.  Attenuated 
vaccine  strains  capable  of  producing  only  very  mild  clinical  disease  were  shown  to  be 
much  safer  in  field  applications  (Marty  and  Winans,  1970;  Samberg  et  al.,  1971; 
Mallison  et  al.,  1981;  Russell,  1983;  Barhoom  et  al.,  1986;  Davidson  et  al.,  1989b; 
Guy  et  al.,  1990).  However,  adequate  virus  titer  is  essential  to  obtain  satisfactory 
immune  response  and  a  long  protection  period.  Therefore,  it  behooves  the  producer  to 
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pay  careful  attention  to  the  details  of  vaccination  including  vaccine  administration 
practices  and  vaccine  quality,  to  ensure  a  uniform  immune  response  in  the  flocks 
(Hitchner,  1975;  Andreasen  et  al.,  1989a).  Benton  et  al.(1960)  found  low  levels  of 
parental  antibodies  in  the  yolk  of  eggs  and  the  serum  of  chickens  obtained  from  a 
vaccinated  flock.  However,  these  levels  had  no  appreciable  influence  on  ILTV  titration 
when  they  were  compared  with  egg  yolks  from  vaccinated  and  non-vaccinated  flocks. 
Sinkovic  (1968),  in  a  study  of  an  ocular  type  ILT  vaccine  in  chicks,  from  ILT  immune 
and  susceptible  parents,  vaccinated  at  2,  6,  and  21  days,  found  no  differences  among 
groups.  From  these  findings  it  seems  apparent  that  antibodies  from  immune  parents  are 
not  transferred  in  significant  levels  to  interfere  with  the  use  of  embryos  for  serologic 
tests  or  to  inhibit  vaccination  response.  The  ILT  vaccines  usually  confer  high 
protection  against  ILTV  challenge  at  7  days  after  vaccination  and  high  levels  of 
protection  may  last  for  15  to  20  weeks,  with  variability  of  protection  depending  on  the 
manner  of  ILT  vaccine  administration,  type  of  ILT  vaccine  administered,  and 
resulting  titer  (Hitchner,  1975;  Robertson,  1977;  Jordan,  1981;  Andreasen  et  al., 
1989b). 

Gelenczei  and  Marty  (1964)  compared  ocular  administration  of  a  tissue  culture- 
modified  vaccine  in  chickens  at  4,  10,  14,  21,  or  42  days  of  age.  After  subsequent 
ILTV  challenge,  the  level  of  protection  was  demonstrated  to  be  inadequate  in 
chickens  vaccinated  at  4  or  1 0  days  of  age,  but  good  protection  in  all  groups 
vaccinated  at  22  weeks  of  age  or  older.  Alls  et  al.  (1969)  studied  the  reaction  and 
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immune  response  of  chickens  to  a  mild  ILT  vaccine  strain  administered  by  the  ocular 
route  at  2,  16,  30,  44,  or  58  days  of  age.  In  the  group  vaccinated  at  2  days  of  age,  only 
60%  protection  resulted,  whereas  the  other  age  groups  responded  better  to  vaccination 
and  were  more  refractory  to  challenge. 

It  has  been  demonstrated  in  vaccinated  and  bursectomised  chickens,  that 
mucosal  antibodies  (IgG  and  IgA)  were  not  essential  to  prevent  the  replication  of  ILT 
virus.  This  can  be  explained  by  recognizing  that  the  effector  mechanism  of  protection 
against  ILTV  challenge  is  the  local  cell-mediated  immune  response  in  the  trachea 
(Fahey  and  York,  1990).  Mucosal  antibodies  are  capable  of  binding  to  ILTV  epitopes. 
Low  levels  of  ELISA  and  virus  neutralizing  antibodies  become  detectable  in  tracheal 
secretions  at  about  7  days  after  ILTV  exposure  and  will  plateau  between  10  to  28  days 
after  exposure  (Bagust,  1986;  York  et  al.,  1989).  Also,  the  latent  phase  of  ILT  has 
been  demonstrated  between  one  to  two  weeks  after  tracheal  exposure  and  may  be 
induced  and  possibly  maintained  by  the  cell-mediated  immune  response.  The  latent 
phase  of  ILT  has  been  demonstrated  in  clinically  recovered  chickens  by  isolation  of 
the  virus  from  trachea  and  larynx  at  varying  periods  following  recovery  from  field 
virus  infection  (Turner,  1972;  Bagust,  1986).  There  is  a  possibility  that  ILTV  might  be 
found  in  the  trigeminal  ganglia  during  the  latent  phase  (Bagust  et  al.,  1986;  Williams 
et  al.,  1992;  Bagust  and  Johnson,  1995)  and  chicken  macrophages  have  been 
demonstrated  to  support  the  ILTV  replication  in  vitro  (Robertson  and  Egerton,  1981; 
Calnek  et  al.,  1986).  Cyclophosphamide  and  corticosteroids  have  been  shown  to  cause 


12 

re-excretion  of  other  latent  alpha-herpesvirus,  but  have  not  been  shown  to  induce 
ILTV  re-excretion  in  chickens  clinically  recovered  (Bagust,  1986;  Hughes  et  al., 
1989).  Natural  stressors  such  as  change  of  housing  or  onset  of  egg  production  may 
induce  ILTV  re-excretion  (Raggi  and  Lee,  1965;  Bagust  and  Guy,  1997). 

The  envelope  glycoproteins  of  herpesviruses,  which  are  located  both  on  the 
outside  of  the  virus  and  on  the  surface  of  virus-infected  cells,  are  considered  important 
immunogens  capable  of  inducing  an  immune  response  (Curtney,  1984;  York  et  al., 
1987;  Guo  et  al.,  1994  ).  Recently,  the  characterization  of  ILTV  glycoproteins  (gB,  gC, 
gD,  gX,  gK)  and  thymidine  kinase  (TK)  genes  were  detected  by  Western  blotting 
(Keeler  et  al.,  1991).  These  genes  are  considered  the  principal  molecules  responsible 
for  stimulating  both  humoral  and  cell-mediated  immunity  (Purchase,  1985;  York  et  al., 
1987;  York  and  Fahey,  1988,  1990). 

One  of  the  major  problems  of  the  modified-live  strains  used  in  current  ILT 
vaccines,  administered  to  prevent  and  control  outbreaks  around  the  world,  is  that  they 
retain  their  pathogenicity  and  are  capable  of  spreading  from  vaccinated  to 
non- vaccinated  chickens.  The  degree  of  virulence  of  ILT  vaccine  strains  may  be 
increased  by  bird  to  bird  or  flock  to  flock  passages  after  vaccination.  This  results  in  an 
increase  in  ILTV  pathogenicity  and  shedding  of  ILTV  (Clarke  et  al.,  1980;  Bagust, 
1986;  Hughes  and  Jones,  1988;  Hughes  et  al.,  1987,  1991;  Guy  et  al.,  1991). 

Successful  application  of  recombinant  DNA  technology,  such  as  Fowlpox- 
Newcastle  disease  vaccine,  has  already  been  approved  for  use  as  commercial  vaccine. 
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This  vaccine,  which  is  the  first  genetically  engineered  commercial  vaccine,  contains  a 
modified  Fowlpox  virus  expressing  antigens  against  Newcastle  Disease  Virus  (NDV) 
and  FPV.  This  vaccine  effectively  induces  protective  immunity  against  both  diseases 
(Carlson,  1985;  Purchase,  1985;  Binns  et  al.,  1988;  Boursnell  et  al.,  1990a,b;  Edbauer 
et  al.,  1990;  Ogawa  et  al.,  1990).  The  FPV  has  been  selected  as  a  vector  in  the 
construction  of  recombinant  avian  vaccines  because  it  has  a  large  double-stranded 
DNA  (240  to  270  kb  length)  with  two  different  non-essential  genomic  regions 
suitable  for  foreign  gene  expression  and  insertion  (Taylor  et  al.,  1988,  1996;  Nazerian 
et  al.,  1996;  Swayne  et  al.,  1997).  York  and  Fahey  (1991)  found  that  a  subunit  ILT 
vaccine  containing  only  glycoproteins  of  the  205  kDa  complex  protected  100%  of 
chickens  against  clinical  disease  and  also  against  viral  replication.  This  205  kDa 
complex  contains  the  glycoprotein  gB  which  may  be  a  major  protective  immunogen  of 
ILTV  and,  therefore,  the  first  candidate  for  inclusion  in  subunit  or  recombinant 
vaccine.  Any  of  Fowlpox  virus/ILT  gB,  Marek's  disease  virus/ILT  gB,  or  herpesvirus 
of  turkey/ILT  gB  viral  vectors  may  potentially  be  used  (Nazerian  et  al.,  1992;  Saif  et 
al.,  1994;  Witter  et  al.,  1994;  Witter,  1997;  Wu  et  al.,  1997;  Witter  et  al.,  1997). 
Demonstrating  a  high  protective  efficacy  for  a  recombinant  Fowlpox/Infectious 
Laryngotracheitis  vaccine  and  Herpes  Virus  of  Turkey/Infectious  Laryngotracheitis 
vaccine  in  susceptible  chickens  would  provide  major  advantages  to  producers 
attempting  to  control  this  costly  disease. 


CHAPTER  3 
MATERIALS  AND  METHODS 

This  study  was  conducted  at  the  University  of  Florida,  Poultry  Research  Buildings 
177,  344  and  600,  and  Department  of  Large  Animal  Clinical  Sciences,  College  of 
Veterinary  Medicine. 

Experimental  Chickens 
Specific-pathogen-free  (SPF)  chickens  (Hy-Vac)  were  used  in  these  studies.  The 
SPF  chickens  were  hatched  at  the  Poultry  Veterinary  Research  Laboratory,  buildings  1 77 
and  344,  University  of  Florida.  The  experimental  chickens  were  maintained  in  separate 
Petersime  battery  units  under  controlled  management  conditions  (water,  feed,  humidity, 
and  temperature)  throughout  the  investigation.  A  comprehensive  biosecurity  system  was 
implemented  to  avoid  cross  contamination. 

Experimental  Viruses 
Two  commercial  1LT  vaccines  Broilertrake-mild  and  Broilertrake-Medium 
supplied  by  Sterwin  Laboratories,  an  experimental  Fowl  Pox/Infectious  Laryngotracheitis 
Virus  (NZ-FPV/ILTV-01)  recombinant  vaccine  provided  by  the  University  of  Delaware, 
an  experimental  Herpes  Virus  of  Turkey/Infectious  Laryngotracheitis  Virus  (HVT/ILTV- 
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138)  provided  by  the  University  of  Florida,  and  an  ILTV  standard  USD  A  field  challenge 
seed  virus,  provided  by  the  University  of  Delaware,  and  propagated  and  titrated  at  the 
University  of  Florida,  were  used  in  these  experiments. 

Virus  Propagation  and  Titration 

The  ILTV  standard  USD  A  field  challenge  seed  virus  was  propagated  and  titrated 
in  9  to  1 1 -day-old  SPF  embryonated  eggs  (Hy-vac).  Tryptose-phosphate  broth  (TPB) 
with  antibiotics  (0.61  gm  penicillin,  1.31  gm  streptomycin  sulphate,  and  25  gm 
amphotericin  B  in  100  ml)  was  used  as  the  diluent.  Specific-Pathogen-Free  embryos  were 
inoculated  on  the  chorioallantoic  membrane  (CAM)  with  0.2  ml  of  inoculum  using  a  1  ml 
syringe  with  a  26  gauge,  1  Vi  inch  needle.  Infected  CAM  were  harvested  5  days  after 
inoculation,  homogenized,  and  mixed  with  TPB.  The  homogenate  was  collected  and 
stored  in  liquid  nitrogen  at  - 170°  C  in  1.5  ml  aliquots  in  sterile  screw  cap  vials  and  used 
as  the  ILT  challenge  virus  inoculum. 

Titration  of  ILTV  was  performed  after  ILTV  propagation  using  the  CAM  route  of 
inoculation  in  9  to  1 1 -day-old  SPF  embryonated  eggs.  Decimal  dilutions  ranging  from  10'2 
through  10"*  of  the  ILTV  were  prepared  in  TPB.  Each  dilution  was  inoculated  into  six 
SPF  embryos.  These  eggs  were  candled  daily  and  deaths  occurring  within  the  first  24 
hours  were  considered  nonspecific  and  eliminated  from  the  final  calculations.  Seven  days 
after  inoculation  the  infected  eggs  were  opened,  dead  embryos  and  embryos  whose  CAM 
had  lesions  characteristic  of  ILTV  infection  were  recorded  as  ILT  positives.  The  fifty 
percent  endpoint  (LTD50)  was  determined  by  the  method  of  Reed  and  Muench  (1938). 
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Histopathologv 

After  ILTV  challenge,  samples  of  the  trachea  and  larynx  from  each  treatment 
group  were  fixed  in  10%  buffered  formalin,  dehydrated  using  increasing  concentrations  of 
ethyl  alcohol,  embedded  in  paraffin,  sectioned,  and  stained  with  hematoxylin  and  eosin 
(HE).  The  morphological  changes  in  chicken  tracheas  and  larynxes  after  challenge  with 
ILTV  were  examined.  Trachea  sections  were  scored  for  histopathologic  changes  on  a 
scale  of :  0,  no  lesion;  1,  mild  lesions;  2,  moderate  lesions;  3,  marked  lesions;  4,  severe; 
and  5,  very  severe  lesions  in  order  to  determine  average  scores  (Guy  et  al.,  1990). 

Electron  microscopy 
After  ILTV  challenge,  sections  of  the  trachea  from  each  treatment  group  were 
cut  to  1  mm  thickness  in  at  least  one  dimension  and  fixed  with  a  mixture  of  2.5% 
glutaraldehyde  and  1%  paraformaldehyde,  in  cacodylate  buffer  (pH  7.2-7.4,  0.1  M,  and 
calcium  chloride  0.5  M)  and  postfixed  in  1%  osmium  tetroxide  in  the  same  buffer 
(Kozuka,  1989).  After  dehydration  in  alcohol  samples  were  embedded  in  low  density 
epoxy  resin  (Spurr,  Polysciences,  Warrington,  PA).  Ultrathin  sections  were  stained  with 
saturated  alcoholic  uranyl  acetate  and  Reynold's  lead  citrate  and  examined  with  a 
transmission  electron  microscope  (Hitachi  H-7000)  to  demonstrate  morphological 
changes  and  the  presence  of  ILTV  in  the  tracheal  tissues  from  experimentally  infected 
chickens  with  ILTV  (vaccinated  and  non- vaccinated  after  challenge).  Also,  homogenate 
plaque  CAMs  from  ILT  (+)  chickens  was  centrifuged  at  10,000  xg  and  the  supernatant 
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prepared  by  negative  staining  technique  with  phosphotungstic  acid  for  2  minutes  to 
observe  ILTV  morphology  (Hayat,  1981;Kozuka,  1989;  Dykstra,  1992,  1993). 

Humoral  Immune  Response 
Sera  were  collected  from  experimental  chickens  before  and  after  LTV  challenge 
and  assayed  using  the  ELISA  test  (INDEXX  ELISA  system).  All  sera  collected  were 
poured  into  sterile  serum  collection  tubes  and  frozen  at  -70°  C  prior  to  testing. 

Virus  Isolation  and  Persistence 
Tissue  samples  from  each  treatment  group,  including  trachea  and  larynx,  to 
attempt  virus  isolation,  were  collected  in  3.5  ml  TPB  and  homogenized.  Samples  were 
stored  in  sterile  screw  tubes  at  -70°  C  until  SPF  embryo  inoculation.  Five  SPF  embryos 
per  sample  were  inoculated  and  observed  daily  for  evidence  of  death  and  pathologic 
changes.  Blood  agar  plates  were  used  for  each  homogenate  sample  to  detect  bacterial 
contamination  (Tripathy  and  Hanson,  1989). 

Experimental  Design 
Experiment  1.  In  vivo  ILTV  Characterization: 

Specific-Pathogen-Free  chickens  (Hy-Vac)  were  hatched  in  the  Poultry  Research 
Laboratory,  building  344,  and  divided  at  random  into  six  treatment  groups  and  one  control 
group.  Two  hundred  eighty  SPF  chickens  at  one-day-old  (40  chickens  per  group,  each 
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chicken  identified  by  wing  band)  were  placed  in  experimental  battery  units  (rooms  1,  3,  5, 
and  7,  building  600). 

At  27  days  of  age  (one  day  before  of  ILTV  challenge),  two  chickens  per  group 
were  bled  and  the  sera  samples  were  assayed  using  the  ELIS  A  test  to  confirm  that  the 
experimental  chickens  did  not  have  any  passive  or  active  ILT  antibody  titers  before 
challenge. 

At  28  days  of  age,  ILTV  standard  USDA  virus,  already  propagated  and  titrated  in 
CAMs,  was  used  as  inoculum  for  challenge.  The  virus  was  administered  to  the 
experimental  SPF  chickens  by  either  the  infraorbital  sinus  injection  or  tracheal  inoculation 
route.  Forty  chickens  per  group,  from  groups  2,  3,  4,  5,  6,  and  7,  were  challenged  with 
either  low  (lxlO3  5  EID50),  standard  (lxlO40  EIDjo),  or  high  doses  (lxlO4  5  EID50).  These 
three  doses  were  used  for  both  routes  of  administration  (infraorbital  and  intratracheal), 
the  only  difference  was  in  the  dilution  volume.  For  infraorbital  sinus  challenge,  the  dilution 
volume  was  0. 1  ml  per  chicken  and  for  intratracheal  route  0.5  ml  per  chicken.  The  SPF 
chickens  from  groups  2,  4,  and  6  were  challenged  by  the  infraorbital  sinus  route  using 
low,  standard,  or  high  doses,  respectively.  The  SPF  chickens  from  groups  3,  5,  and  7  were 
challenged  by  the  intratracheal  route  using  low,  standard,  or  high  doses,  respectively. 

Forty  chickens  from  group  1  were  used  as  a  control,  20  of  them  were  injected 
with  0. 1  ml  of  TPB  by  the  infraorbital  sinus  route  and  the  remaining  20  chickens  were 
inoculated  with  0.5  ml  of  TPB  by  the  intratracheal  route. 

After  ILT  standard  USDA  virus  challenge,  all  chickens  from  the  7  treatment 
groups  were  observed  for  10  consecutive  days  to  permit  recording  of  any  clinical  signs  of 
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ILT.  Observations  for  general  clinical  respiratory  signs  of  ILT  were  recorded  daily  as 
either  no  clinical  signs  (-)  or  clinical  signs  (+).  Also,  the  severity  of  the  clinical  signs  were 
recorded  as  mild  (+),  moderate  (++),  or  severe  (+++). 

During  the  10  consecutive  days  following  challenge,  all  chickens  from  the  7 
treatment  groups  were  examined  individually  and  scored  qualitatively  for  the  presence  of 
ILT  clinical  signs  as  follows,  present  (+)  or  absent  ILT  (-).  Chickens  from  groups  2,  4, 
and  6  (Infraorbital  sinus  route)  were  individually  examined  for  presence  of  sinus  exudate 
using  the  "beak  tweak"  procedure.  To  perform  this  procedure,  the  thumb  was  placed 
beneath  the  mandible  and  the  index  finger  on  the  top  of  the  beak  caudal  to  the  nares  of  the 
chicken  and  squeezed  firmly  4  times.  Data  for  the  exudate  findings  were  recorded  as 
absent  (-)  or  if  any  type  of  exudate  was  present  in  the  nares  or  eyes  (+).  Chickens  from 
groups  3,  5,  and  7  (intratracheal  route)  were  individually  examined  for  respiratory  signs  of 
ILT.  Any  respiratory  signs  typical  for  ILT  also  were  recorded  such  as  labored  breathing, 
rales,  stretched  necks,  bloody  expectoration,  sneezing,  or  gasping.  Other  ILT  clinical 
signs  such  as  watery  eyes,  swollen  eyelids,  ocular  exudate,  or  general  signs  of  illness 
including  ruffled  feathers,  depression,  dehydration,  diarrhea,  etc.,  also  were  recorded. 
Each  chicken  with  two  or  more  consecutive  positive  (+)  days  during  the  observation 
period  was  diagnosed  as  clinically  positive  for  ILT. 

At  38  days  of  age  (10  days  postchallenge),  all  chickens  remaining  were 
euthanized,  then  necropsied  to  determine  if  gross  lesions  of  ILT  were  present  in  the 
respiratory  tract.  All  chickens  that  died  during  the  10  days  of  observation  postchallenge 
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were  necropsied  and  trachea  samples  were  collected  for  histopathologic  study.  Morbidity 
and  mortality  were  recorded  during  this  experiment. 

Experiment  2:  In  vivo  Efficacy  and  Safety  of  a  Recombinant  Fowlpox  Virus/Infectious 
Laryngotracheitis  Virus  Vaccine  and  a  Commercial  ILT  Vaccine 

Specific-Pathogen-Free  chickens  (Hy-Vac)  were  hatched  at  the  Poultry  Research 
Laboratory,  building  344  and  divided  into  six  treatment  groups  and  three  control  groups. 
Four  hundred  fifty  SPF  chickens  at  one-day-old  were  divided  into  nine  groups  of  50 
chickens  each  (individually  identified  by  wing  band)  and  placed  in  experimental  battery 
units  (building  600,  rooms  A,  1,  3,  5,  7,  and  8)  in  a  randomized  manner. 

At  1  day  of  age,  chickens  from  groups  4  (CEO-M/Sinus  Challenge)  and  7 
(NZ-FPV/ILT-01/Sinus  Challenge)  were  vaccinated.  Fifty  chickens  from  group  4 
received  the  CEO-M  vaccine  per  label  by  the  eye  drop  route.  Fifty  chickens  from  group  7 
received  the  recombinant  Fowlpox/Infectious  Laryngotracheitis  virus  (NZ-FPV/ILT-01) 
vaccine  at  a  dose  of  1.0x1 05-0  plaque  forming  units  (pfu)  by  subcutaneous  injection  in  the 
caudal  neck  region. 

Al  21  days  of  age,  chickens  from  groups  5  (CEO-M/Sinus  Challenge),  6  (CEO- 
M/Intratracheal  Challenge),  8  (NZ-FPV/ILTV-01/Sinus  Challenge),  and  9  (NZ- 
FPV/ILTV-01/Intratracheal  Challenge)  were  vaccinated.  Fifty  chickens  from  each  of 
groups  5  and  6  were  administered  the  CEO-M  vaccine  EID50  per  label  by  the  eye  drop 
route.  Whereas,  50  chickens  from  groups  8  and  9  were  administered  the  recombinant 
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FPV/ILT  vaccine  at  a  dose  of  1.0  xlO50  pfu  by  subcutaneous  injection  in  the  caudal  neck 
region. 

At  21  days  of  age,  chickens  from  groups  2  (Sinus  Challenge  Control)  and  3  (Sinus 
Intratracheal  Control)  were  inoculated  with  TPB  by  the  eye  drop  route  or  subcutaneous 
injection,  respectively.  Chickens  from  group  1  (Non-Challenge  Control)  were  not  injected 
with  TPB. 

At  41  days  of  age  (one  day  before  challenge),  20  chickens  per  group  (identified  by 
wing  band)  were  weighed  and  bled.  The  sera  collected  were  evaluated  by  the  ELISA  test 
for  ILT  antibody  titers. 

At  42  days  of  age,  chickens  from  groups  2,  3,  4,  5,  6,  7,  8,  and  9  were  challenged 
with  lxlO4  0  EK)j0  doses  of  ILT  standard  USDA  challenge  virus.  Fifty  chickens  per  group 
from  groups  2,  4,  5,  7,  and  8  were  challenged  by  the  infraorbital  sinus  injection  (1  x  10  4  0 
10. 1  ml/chicken),  as  previously  described.  Fifty  chickens  per  group  from  groups  3,  6,  and 
9  were  challenged  by  the  intratracheal  inoculation  (lxlO40  /0.5  ml/chicken),  as  previously 
described.  Twenty  five  chickens  from  group  1  (Non-Challenge  Control)  received  0. 1  ml 
of  TPB  by  the  infraorbital  sinus  injection,  and  the  remaining  twenty  five  chickens  received 
0.5  ml  of  TPB  by  the  intratracheal  route. 

For  10  consecutive  days  after  the  ILT  standard  USDA  virus  challenge,  all  chickens 
from  the  9  treatment  groups  were  observed  for  general  clinical  signs  of  ILT  and 
individually  examined.  All  results  were  recorded  daily  as  described  previously  for 
experiment  1. 

At  52  days  of  age  (10  days  after  challenge),  20  chickens  per  group  (identified  by 
wing  band)  previously  bled  at  41  days  of  age  (one  day  before  challenge),  were  weighed 
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and  bled  again  to  determine  ILT  antibody  titers  using  the  ELISA  test.  Chickens  which 
were  bled  before  challenge  from  groups  2  and  3,  but  died  after  challenge,  were  replaced  at 
random  for  chickens  from  the  same  groups  to  take  serum  and  weighed  after  challenge  to 
complete  the  amount  of  samples  for  ELISA  test  and  to  determine  BW  gains. 

After  challenge  (between  43  to  52  days  of  age)  one  chicken  per  group  was 
euthanized  every  day  to  collect  tracheal  samples  for  histopathology,  electron  microscopy, 
and  virus  isolation. 

At  52  days  of  age  (10  days  postchallenge),  all  chickens  remaining  were  euthanized, 
weighed,  and  necropsied.  Chickens  that  died  during  this  experiment  were  necropsied  and 
tissue  samples  were  collected  for  histopathogic  study.  Morbidity  and  mortality  were 
recorded  during  this  study. 

Experiment  3:  In  vivo  Efficacy  and  Safety  of  a  Recombinant  Herpes  Virus  of 

Turkey/Infectious  Laryngotracheitis  Virus  Vaccine  and  a  Commercial  ILT  Vaccine 

Specific  Pathogen-Free  chickens  (Hy-Vac)  were  hatched  at  the  Poultry  Research 

Laboratory,  building  177  and  divided  randomly  into  five  treatment  groups  and  three 

control  groups.  Four  hundred  fifty  SPF  chickens  at  one-day  old  were  divided  into  eight 

groups  individually  identified  by  wing  band  and  placed  in  experimental  battery  units 

(building  600,  rooms  A,  2,  3,  4,  6,  7,  and  8). 

At  1  day  of  age,  chickens  from  groups  1  (Non-challenge  Control),  2  (Sinus 
Control),  and  3  (Tracheal  Control)  received  TPB  by  the  eye  drop  route  or  subcutaneous 
injection,  respectively. 
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At  1  day  of  age,  chickens  from  groups  4  (CEO-m/sinus  challenge),  7 
(HVT/ILTV-138/sinus  challenge),  and  8  (HVT/ILTV-138/intratracheal  challenge)  were 
vaccinated.  Thirty  two  chickens  from  group  4  received  the  CEO-m  vaccine  per  label  by 
eye  drop  route.  Thirty  six  chickens  from  group  7  and  fifty  two  chickens  from  group  8 
received  the  recombinant  Herpes  Virus  of  Turkey  (HVT-138/ILTV)  vaccine  at  a  dose  of 
1.0  x  104  0  pfu  by  subcutaneous  injection  in  the  caudal  neck  region. 

At  2  days  of  age,  24  hours  after  vaccine  administration,  1 6  SPF  chickens  were 
added  to  group  7  and  12  SPF  chickens  were  added  to  group  8  to  be  used  as  challenged 
(sc).  The  sc  were  used  as  indicators  of  horizontal  transmission  of  ILT  standard  virus 
challenge,  the  commercial  CEO  vaccine  virus,  or  the  experimental  recombinant  HVT/ILT 
virus  vaccine. 

At  21  days  of  age,  chickens  from  groups  1  (Non-challenge  Control),  2  (Sinus 
Control),  and  3  (Tracheal  Control)  received  TPB  by  the  eye  drop  route  or  subcutaneous 
injection,  respectively. 

At  21  days  of  age,  chickens  from  groups  5  (CEO-medium/IS  challenge),  and  6 
(CEO-medium/IT  challenge)  were  vaccinated  as  follows:  35  SPF  chickens  from  group  5 
and  56  SPF  chickens  from  group  6  were  vaccinated  with  CEO-M  vaccine  EID5H  per  label 
by  the  eye  drop  route. 

At  22  days  of  age,  24  hours  after  vaccine  administration,  22,  12,  and  18  SPF 
chickens  were  added  to  groups  3,  5,  and  6,  respectively,  and  used  as  sentinels.  The  sn 
from  group  3  were  not  challenged  and  sc  from  groups  5  and  6  were  challenged. 
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At  41  days  of  age  (one  day  before  challenge),  15  SPF  chickens  per  group 
(individually  identified  by  wing  band)  were  weighed  and  bled.  The  sera  collected  were 
evaluated  by  the  ELIS  A  test  for  ILT  antibody  titers. 

At  42  days  of  age,  20  chickens  from  group  1  (Non-challenge  Control)  received 
TPB  by  the  eye  drop  route  and  19  chickens  received  TPB  by  subcutaneous  injection. 
Chickens  from  groups  2,  3,  4,  5,  6,  7,  and  8  were  challenged  with  1.0  x  1040  EID50  dose  of 
ILT  standard  challenge  virus.  Thirty  nine  SPF  treatment  chickens  from  group  2,  32  SPF 
treatment  chickens  from  group  4,  35  SPF  treatment  chickens  and  12  SPF  sentinel  chickens 
from  group  5,  and  36  SPF  treatment  chickens  and  16  SPF  sentinel  chickens  from  group  7 
were  challenged  by  the  infraorbital  sinus  injection  (1.0  x  104  0/0.1  ml/chicken),  as 
previously  described.  Sixty  six  SPF  treatment  chickens  from  group  3,  56  SPF  treatment 
chickens  and  18  SPF  sentinel  chickens  from  group  6,  and  52  SPF  treatment  chickens  and 
12  SPF  sentinel  chickens  from  group  8  were  challenged  by  the  intratracheal  route  (1.0  x 
1040/0.5  ml/chicken),  as  a  previously  described.  Twenty  SPF  treatment  chickens  from 
group  1  (Non-challenge  Control)  received  0.1  ml  of  TPB  by  the  infraorbital  sinus  injection 
and  19  SPF  treatment  chickens  remaining  received  0.5  ml  of  TPB  by  the  intratracheal 
route. 

For  10  consecutive  days  after  ILT  standard  USD  A  virus  challenge,  all  chickens 
from  the  8  treatment  groups  were  observed  for  general  clinical  signs  of  ILT  and 
individually  examined.  Data  were  recorded  daily  as  described  for  experiment  1. 

At  52  days  of  age  (10  days  after  challenge),  15  SPF  treatment  chickens  from 
groups  1,  2,  4,  5,  and  7  and  5  SPF  sentinel  chickens  from  groups  2,  5,and  7  previously 
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bled  at  42  days  of  age  (one  day  before  challenge)  were  weighed  and  bled  again  to 
determine  ILT  antibody  titers  using  ELISA  test.  Fifteen  SPF  treatment  chickens  and  5 
SPF  sentinel  chickens  from  groups  3,  6,  and  8  were  only  weighed. 

At  63  days  of  age,  fifteen  SPF  treatment  chickens  from  groups  3,  6,  and  8,  and  5 
SPF  sentinel  chickens  from  the  same  groups,  previously  bled  at  42  days  of  age  (one  day 
before  challenge),  were  bled  again  to  determine  ILT  antibody  titers  using  the  ELISA  test. 
Chickens  which  were  bled  before  challenge  from  groups  2  and  3  but  died  after  challenge 
were  replaced  at  random  for  chickens  from  the  same  groups  to  take  serum  after 
challenge  to  complete  the  amount  of  samples  for  ELISA  test  and  to  determine  BW 
gains. 

From  45  to  49  days  of  age  (3,  4,  5,  and  7  days  after  challenge),  4  SPF  treatment 
chickens  from  groups  3,  6,  and  8  were  euthanized  to  permit  collection  of  trachea  and 
larynx  samples  for  histopathology,  virus  isolation  and  electron  microscopy. 

At  52  days  of  age  (10  days  after  challenge),  all  chickens  from  groups  1,  2,  4,  5, 
and  7  were  euthanized,  weighed,  and  necropsied. 

At  63  days  of  age  (14  days  after  challenge),  fifteen  SPF  treatment  chickens  and  5 
SPF  sentinel  chickens  from  groups  3,  6,  and  8  were  bled,  euthanized,  and  necropsied. 
Sentinel  chickens  which  were  bled  before  challenge  but  died  after  challenge,  were  replaced 
at  random  for  sentinel  chickens  from  the  same  group  to  take  serum  after  challenge  to 
complete  the  amount  of  samples.  All  chickens  which  died  during  the  experiment  were 
necropsied  and  ILT  gross  lesions  were  recorded. 
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Statistical  Analysis 

All  data  collected  during  this  study  were  analyzed  using  the  SAS  program  (SAS, 
1991).  Data  for  body  weight  (BW),  BW  gains  (g)  after  challenged  (between  42  to  52  days 
of  age),  ILT  antibody  titers  before  (41  days  of  age)  and  after  challenge  (52  days  of  age) 
were  compared  by  least  squares  analysis  of  variance  (ANOVA)  using  the  general  linear 
model  procedures  (GLM).  The  mathematical  model  used  to  analyzed  the  data  for  BW, 
BW  gains,  and  ILT  antibody  titers  of  the  three  experiments  was:  Yy  =  u  +  G{+  e  y . 
Where,  Yy  is  the  response  variable  measurement  on  the  J*  experimental  chicken  within  the 
t*  treatment  group,  G;  is  the  effect  of  the  i*  treatment  group,  and  ey  is  the  experimental 
error.  Multiple  comparison  test  through  contrast  procedure  of  average  of  BW  in 
experiment  1,  BW  gains  in  experiments  2  and  3,  ILT  antibody  titers  after  challenge  in 
experiment  1,  ILT  antibody  titers  before  and  after  challenge  in  experiments  2  and  3  were 
performed  among  treatment  groups.  Data  recorded  during  10  consecutive  days  following 
challenge  for  the  presence  of  ILT  clinical  signs  of  SPF  chickens  from  each  treatment 
group  after  individually  examined  and  scored,  morbidity,  and  mortality,  were  analyzed  by 
estimating  proportions  (Ott,  1993). 

The  percentage  of  protection  in  experiment  2  and  3  was  calculated  for  each 
vaccinated  group  based  on  the  number  of  chickens  with  ILT  (+)  clinical  signs  divided  by 
the  number  of  chickens  challenged  in  each  group,  times  100.  The  severity  protective  index 
(SPI)  in  experiment  2  and  3  was  calculated  using  the  method  of  Witter  (1987),  for  each 
vaccinated  group  based  on  the  mean  of  ILT  (+)  clinical  signs  in  nonvaccinated 
intratracheal  challenged  chickens  of  the  control  group  3,  minus  the  mean  of  ILT  (+) 


clinical  signs  in  vaccinated  challenged  chickens  from  each  experimental  group,  divided  by 
the  mean  of  ILT  (+)  clinical  signs  in  nonvaccinated  intratracheal  challenged  chickens  of 
the  control  group  3,  times  100. 


CHAPTER  4 
RESULTS 

Experiment  1 

The  ratio  and  percent  of  ILT  affected  chickens  and  mortality  from  each  treatment 
group  due  to  ILT  is  shown  in  Table  1.  In  group  1  (Control),  all  chickens  survived  and  no 
showed  any  clinical  sign  of  ILT.  Some  chickens  in  groups  2  (Low  dose/IS),  group  3 
(Standard  dose/IS),  group  4  (High  dose/IS),  group  5  (Low  dose/IT),  group  6  (Standard 
dose/IT),  and  group  7  (High  dose/IT),  developed  ILT  clinical  signs.  The  percentage  of 
ILT  (+)  was  100%  in  groups  2,  3,  4,  and  7,  and  87.5%  in  groups  5  and  6.  The  mortality  in 
groups  2,  3,  and  4  was  5%,  10%,  and  0%,  respectively;  during  10  days  of  observation 
after  LTV  challenge.  Mortality  in  groups  5  and  6  was  50%,  and  75%  in  group  7. 

The  least  squares  analysis  of  variance  for  ILT  antibody  titers  of  SPF  chickens  from 
low,  standard,  and  high  doses  inoculated  by  two  different  routes  of  challenge  (IS  and  IT) 
showed  statistical  differences  (P  <  0.05)  with  a  coefficient  of  variation  (CV)  of  77.3% 
(Tables  2,  3).  Group  1  did  not  show  any  ILT  seroconversion.  In  groups  2,  3,  and  4,  which 
were  administered,  standard  or  high  doses  by  the  IS  route,  the  ILT  titers  were  1,327, 
1,243,  and  1,544,  respectively.  In  groups  4,  6,  and  7,  which  were  administered  low, 
standard,  or  high  doses  by  the  IT  route,  the  ILT  titers  were  1,279,  1,648,  and  2,959, 
respectively.  The  multiple  comparison  test  results  among  the  average  of  ILT  antibody 
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titers  in  SPF  susceptible  chickens,  10  days  after  ILTV  inoculation,  showed  significant 
differences  between  groups  7  versus  (vs.)  group  4,  7  vs.  5  (P  <  0.01),  and  7  vs.  6 
(P  <  0.05)  (table  4,  Fig.  1). 

The  least  squares  analysis  of  variance  for  body  weight  (BW)  in  SPF  chickens,  10 
days  after  ILTV  challenge  showed  statistical  differences  (P  <  0.05)  for  the  effect  of 
treatment  groups  with  a  coefficient  of  variation  (CV)  of  1 1.41%  (Tables  5,  6).  Multiple 
comparison  test  results  among  the  average  of  BW  in  SPF,  10  days  after  LTV  inoculation, 
showed  significant  differences  between  groups  4  vs.  7,  5  vs.  7,  6  vs.  7,  and  7  vs.  1 
(P  <  0.01)  (Tables  5,  6,  7,  Fig.  2). 
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The  ratio  and  percent  of  protection  and  mortality  resulting  in  chickens  vaccinated 
with  a  commercial  ILT  vaccine  (CEO-M  vaccine)  and  an  experimental  recombinant  ILT 
vaccine  (FPV/ILTV)  and  challenged  with  ILT  field  challenge  virus  are  in  Tables  8  and  9. 
In  group  1  (nonvaccinated  nonchallenge  control),  all  chickens  survived  and  showed  no 
ILT  clinical  signs.  The  percentage  of  ILT  (+)  was  100%  in  groups  2  (nonvaccinated/IS 
challenge  control)  and  3  (nonvaccinated/IT  challenge  control).  The  percentages  of  ILT  (+) 
were  lower  in  the  three  commercial  vaccine  treatment  groups:  4  (CEO-M  vaccine/1  day/IS 
challenge),  5  (CEO-M  vaccine/21  days/IS  challenge),  and  6  (CEO-M  vaccine/21  days/IT 
challenge)  than  in  the  three  experimental  recombinant  vaccine  treatment  groups:  7 
(FPV/ILTV  vaccine/1  day/IS  challenge),  8  (FPV/ILTV  vaccine/21  days/IS  challenge),  and 
9  (FPV/ILTV  vaccine/21  days/IT  challenge).  The  percentages  of  ILT  (+)  in  groups  4,  5, 
and  6  were  12%,  5%,  and  0%,  respectively,  whereas  and  in  groups  7,  8,  and  9  they  were 
28%,  8%,  and  23%,  respectively  (Table  9,  Fig.3). 

The  mortality  after  vaccination  and  before  challenge  a  total  of  8  chickens  died  from 
group  4,  which  represented  19%.  Chickens  from  this  group  received  the  CEO-M  vaccine 
by  eye  drop  in  the  right  eye  at  1  day  of  age.  Adverse  vaccination  reactions  were  observed 
22  days  after  vaccine  administration  with  respiratory  ILT  clinical  signs  including  labored 
breathing,  gasping,  sneezing,  conjunctivitis,  or  oculo-nasal  exudate.  The  remaining 
chickens  recovered  in  about  9  to  10  days  after  vaccination,  but  5  of  them  were  blind  due 
to  corneal  opacity  in  the  right  eye  where  the  vaccine  was  administered. 
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The  mortality  was  2.63%  in  group  2  and  48.71%  in  group  3,  during  10  days  of 
observation  after  ILTV  challenge.  There  was  no  mortality  due  to  ILT  in  groups  4,  5,  and  6 
(commercial  vaccine  treatments),  and  in  groups  7,  8,  and  9  (experimental  recombinant 
vaccine  treatments)  (Table  8).  There  was  no  mortality  or  adverse  reactions  after 
recombinant  FPV/ILTV  vaccine  administration  at  1  day  of  age  in  chickens  from  group  7. 

The  efficacy  of  the  commercial  vaccine  treatment  groups  was  as  follows:  group  4 
had  88%  of  protection  and  91.8%  of  severity  protective  index  (SPI)  against  ILTV 
challenge,  group  5  had  95%  of  protection  and  97.25%  of  SPI,  and  group  6  had  100%  of 
protection  and  99.01%  of  SPI.  The  efficacy  of  the  experimental  recombinant  vaccine 
treatment  groups  was  as  follows:  group  7  had  72%  of  protection  and  86.69%  of  SPI, 
group  8  had  92%  of  protection  and  96.34%  of  SPI,  and  group  9  had  77%  of  protection 
and  90.03%  of  SPI  (Table  9). 

There  were  statistical  differences  (P  <  0.01)  detected  by  the  least  square  analysis  of 
variance  for  ILT  antibody  titers  before  ILTV  challenge  with  a  CV  of  87.88%  (Table  11). 
There  was  no  seroconversion  before  challenge  in  groups  1,  2,  and  3.  The  ILT  antibody 
titers  before  challenge  in  the  commercial  vaccine  treatment  groups  4,  5,  and  6  were, 
1,132,  719,  and  624,  respectively.  In  the  experimental  recombinant  treatment  vaccine 
groups  7,  8,  and  9  these  titers  were  17.55,  41,  and  69,  respectively  (Table  12).  Multiple 
comparison  test  results  among  the  average  of  ILT  antibody  titers  before  challenge  in  the 
commercial  vaccine  treatment  groups  (4,  5,  and  6)  and  the  experimental  recombinant 
vaccine  treatment  groups  (7,  8  and  9)  showed  significant  differences  (P<0.01)  between 
the  average  of  the  ILT  antibody  titers  of  group  4  vs  group  5,  group  4  vs  group  7,  group  8 


41 

vs  group  5,  and  group  9  vs  group  6  (Table  1 2).  There  was  lower  serconversion  in  the 
experimental  recombinant  vaccine  treatment  groups  (7,  8,  and  9)  than  in  the  commercial 
vaccine  treatment  groups  (4,  5,  and  6).  (Table  10). 

There  were  statistical  differences  (P  <  0.01)  in  the  least  squares  analysis  of 
variance  for  ILT  antibody  titers  after  ILTV  challenge  with  a  CV  of  53.26%  (Table  14). 
There  was  no  seroconversion  in  group  1  (nonvaccinated  nonchallenge  control)  at  10  days 
after  ILTV  challenge.  The  ILT  antibody  titers  10  days  after  challenge  in  groups  2 
(nonvaccinated/IS  challenge  control)  and  3  (nonvaccinated/IT  challenge  control),  were 
875  and  1,107,  respectively.  In  the  commercial  vaccine  treatment  groups  (4,  5,  and  6),  the 
ILT  titers  were  1,516,  1,538,  and  2,310,  respectively.  While,  in  the  experimental 
recombinant  treatment  groups  (7,  8,  and  9)  the  titers  were  816,  623,  and  4,034, 
respectively  (Table  13).  Multiple  comparison  test  results  among  the  average  of  ILT 
antibody  titers  after  challenge  in  the  commercial  vaccine  treatment  groups  and  in  the 
experimental  recombinant  vaccine  treatment  groups  showed  significant  differences 
(P<  0.01)  between  the  average  of  the  ILT  antibody  titers  of  groups  6  vs.  5,  4  vs.  7, 
8  vs.  9,  8  vs.  5,  and  6  vs.  9  (Table  15,  Fig.  4). 

The  least  squares  analysis  of  variance  for  B  W  gains  (g)  showed  statistical 
differences  (P  <  0.0 1 )  for  the  effect  of  treatment  groups  with  a  CV  of  3 1 . 1 9%.  (Table  1 6). 
There  was  little  variation  in  BW  gains  among  treatment  groups  (Tables  16,  17).  Multiple 
comparison  test  results  among  the  average  of  the  B  W  gains  showed  significant  differences 
(P<0.01)  between  groups  1  vs.  3,  2  vs.  3,  4  vs.  5,  8  vs.  7,  and  8  vs. 5  (P  <  0. 1) 
(Table  18,  Fig.  5). 
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Results  from  histopathological  examination  of  the  trachea  and  larynx  samples  were 
scored  and  demonstrated  that  severe  microscopic  ILT  lesions  were  present  in  chickens  in 
groups  2  and  3,  scores  between  1  to  5  during  10  days  after  ILTV  challenge.  The 
histopathologic  score  for  the  commercial  vaccine  treatment  groups  was  zero  and  for  the 
experimental  recombinant  vaccine  treatment  groups  were  1  to  2.  Therefore,  there  were 
more  severe  ILT  lesions  detected  microscopically  in  groups  2  and  3  than  in  groups  7,  8, 
and  9  (Table  19,  Fig.  6-11). 

Virus  isolation  was  performed  in  SPF  chicken  embryos  using  homogenized 
tracheal  and  larynx  samples  from  SPF  treatment  chickens  from  all  groups.  The  presence  of 
pef  in  the  CAMs  due  to  ILTV  was  demonstrated  (Table  20).  Five  SPF  embryos  (9  to  10 
days  of  incubation)  per  homogenized  tracheal  and  larynx  sample  from  each  treatment 
group  collected,  from  1  to  10  days  after  ILTV  challenge,  were  inoculated  with  0.2  cc  of 
the  inoculum  by  CAM  route.  All  eggs  containing  inoculated  embryos  were  candled  daily 
for  7  days  and  mortality  was  recorded.  Embryo  mortality  that  occurred  during  the  first  24 
hours  was  eliminated  from  final  calculations.  The  remaining  eggs  containing  live  embryos 
were  opened  at  7  days  after  inoculation  and  pef  on  the  CAMs  were  recorded  as  ILTV  (+) 
(Table  20,  Fig.  12). 

Infectious  laryngotracheitis  virus  was  isolated  in  40%  to  100%  of  the  total  SPF 
embryos  inoculated  from  groups  2  and  3.  The  highest  percentage  of  ILTV  isolation  was 
100%  in  group  2  between  days  7  and  8  after  SPF  embryo  inoculation.  The  highest 
percentage  of  ILTV  isolation  was  100%  in  group  3,  5  days  after  SPF  embryo  inoculation, 
which  then  decreased  to  40%  on  day  6,  but  had  increased  to  100%  on  days  7  and  8  after 
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SPF  embryo  inoculation. The  ILTV  was  isolated  in  lower  percentages  in  the  commercial 
vaccine  treatment  groups  (4,  5,  and  6)  than  in  the  control  challenge  treatment  groups  (2 
and  3).  The  ILTV  percentages  in  the  commercial  vaccine  treatment  groups  ranged 
between  20  to  100%  with  a  maximum  of  100%  on  days  7  and  8  after  SPF  embryo 
inoculation.  The  ILTV  percentages  ranged  between  20  to  1 00%  of  the  total  SPF  embryos 
inoculated  from  the  experimental  recombinant  vaccine  treatment  groups.  The  highest 
percentage  was  1 00%  from  days  2  to  8  after  SPF  embryo  inoculation  in  group  9,  and  the 
highest  percentage  was  100%  on  days  7  and  8  after  SPF  embryo  inoculation  from  groups 
7  and  8  (Table  20,  Fig.  12). 

A  total  of  87  samples  of  the  upper  part  of  the  trachea  was  collected  daily  for  10 
consecutive  days  after  challenge  from  infected  SPF  chickens  (one  sample  from  each 
treatment  group)  to  study  ultrastructural  changes  in  the  epithelial  lining  of  the  trachea  and 
the  presence  of  the  ILTV  by  TEM.  All  samples  were  observed  between  15  to  20  minutes 
before  classifying  them  negative  for  ILTV.  Transmission  electron  microscopic  study  of 
tracheal  samples  from  treatment  groups  1,  4,  5,  and  6  showed  apparent  normal  ciliated 
pseudostratified  respiratory  epithelium  with  hyperplasia  of  goblet  cells,  scattered 
mononuclear  infiltration,  and  congestion  in  the  submucosa;  changes  that  we  consider 
nonspecific  and  negative  for  ILT.  Whereas,  TEM  study  of  tracheal  samples  from  treatment 
groups  2,  3,  7,  8,  and  9  showed  differing  degrees  of  ultrastructural  lesions  in  the 
epithelium  with  some  exhibiting  viral  particles  suggestive  of  a  herpesvirus.  Most  severe 
ultrastructural  changes  were  seen  in  tracheal  samples  from  groups  2  and  3,  during  the  10 
days  of  observation  after  challenge. 
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The  earliest  ultrastructural  tracheal  changes  were  found  at  48  hr  after  challenge 
and  included  abnormal  cilia  on  the  epithelial  cells  and  hyperplasia  of  the  goblet  cells  from 
groups  2.  In  group  3,  these  lesions  were  seen  at  72  hr.  Virus  particles  without  envelopes 
were  found  72  hr  after  challenge  in  the  nucleus  of  the  epithelial  cells  of  tracheal  samples 
from  groups  2  and  3.  Also,  some  of  the  infected  epithelial  cells  had  marginated  chromatin 
to  the  nuclear  membrane  forming  dense-like  clumps.  From  3  to  5  days  after  challenge 
more  ultrastructural  changes  were  observed  in  the  cytoplasm  of  infected  epithelial  cells 
such  as,  swollen  mitochondria  and  vacuolation  with  large  amounts  of  enveloped  viral 
particles.  Most  of  these  particles  consisted  of  a  core  and  capsid  only,  but  a  few  enveloped 
viruses  were  often  seen  close  to  the  nuclear  membrane.  The  naked  particles  showed 
different  core  shapes.  The  particles  found  in  the  cytoplasm  measured  148  to  180  nm  and 
those  inside  the  nucleus  80  to  1 10  nm  in  diameter.  Epithelial  syncytia  were  observed  using 
light  microscopy  and  also  observed  by  TEM  in  tracheal  samples  from  groups  2  and  3 
(Fig.  13,  14). 

From  6  to  10  days  after  challenge,  degeneration  and  necrosis  of  the  epithelial  cells 
were  prominent.  In  some  areas,  hyperplasia  of  epithelial  cells  with  some  apparent 
regeneration  was  observed,  because  some  mitotic  figures  were  seen  between  days  7  to  1 0 
after  challenge.  Also,  some  of  these  epithelial  cells  showed  small  cilia-like  projections  from 
the  apical  surface  of  the  cells  and  goblet  cells  with  normal  appearance.  Macrophages  were 
seen  in  the  process  of  phagocytizing  red  blood  cells  and  debris  from  necrotic  cells.  Also,  a 
large  amount  of  free  ribosomes  was  seen  in  the  cytoplasm  of  the  epithelial  cells.  At  10 
days  after  challenge,  surfaces  of  epithelial  cells  showed  cilia,  which  were  shorter  than  the 
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normal  epithelium  The  height  of  the  epithelial  cells  and  goblet  cells  had  normal 
appearance  in  samples  from  groups  2  and  3  (Fig.  1 1). 

From  3  to  7  days  after  challenge,  tracheal  samples  from  treatment  groups  7,  8,  and 
9  were  seen  with  scattered  lesions  in  the  epithelial  cells.  Most  of  the  lesions  were  cilia 
degeneration,  small  vacuolization  of  cytoplasm,  and  margination  of  the  nuclear  chromatin. 
However,  virus  particles  were  not  detected  by  TEM  from  these  samples  during  the  1 0 
days  of  observation  after  challenge. 
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Figure  6.  Photomicrograph  of  cross  section  of  trachea  of  SPF  chicken  from  control 
group.  HE  stain,  x  40. 


Figure  7.  Photomicrograph  of  cross  section  of  trachea  from  SPF  chicken  infected  with 
ILT.  The  mucosal  epithelium  had  been  sloughed  (arrow)  and  the  denuded 
lamina  propria  is  covered  with  luminal  muco-hemorrhagic  exudate.  Syncytia 
has  developed  and  separated  from  the  mucosa.  HE  stain,  x  80. 
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Figures  8.  Photomicrographs  of  trachea  from  SPF  chicken  infected  with  ILTV.  A)  and  B) 
High  magnification  of  sloughed  syncytial  cells  showing  numerous  intranuclear 
inclusions  (arrow),  surrounded  by  mononuclear  cell  infiltration  (lymphocytes 
and  heterophils).  HE  stain,  x  1,000. 


Figure  9.  Photomicrograph  of  cross  section  of  trachea  from  infected  chicken  with  ILTV. 
Very  severe  necrosis  of  the  mucosa,  submucosa  covered  with  pseudomembrane 
(fibrin,  cellular  detritus,  cellular  infiltration  and  exudate).  HE  stain,  x  60. 


Figure  10.  Photomicrograph  of  cross  section  of  trachea  from  SPF  chicken  in  recovered 
stage  7  days  after  ILTV  challenge.  Hyperplasia  of  epithelial  cells  with  cystic 
cavities  and  without  cilia.  HE  stain,  x  80. 
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Figures  1 1.  A)  and  B)  Photomicrographs  of  cross  sections  of  trachea  from  SPF  chicken  in 
recovered  stage  10  days  after  ILTV  challenge.  Pseudostratified  columnar 
epithelium,  goblet  cells,  and  cilia  formation.  HE  stain,  x  100. 
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Figure  12.  A)  Specific-pathogen-free  chicken  embryos  at  17  days  of  incubation. 

Embryo  on  left  was  inoculated  by  CAM  route  with  homogenate  tracheal 
sample  from  infected  chicken  6  days  after  ILTV  challenge  (Exp.  2,  group  3). 
Infected  embryo  stunted,  poor  feather  development.  Embryo  from  control 
chicken  on  right  (Exp.  2,  group  1).  B)  and  C)  Chorioallantoid  membranes 
containing  typical  plaque  embryo  formation  (pef)  lesions  due  to  ILTV, 
7  days  after  embryo  inoculation  (Exp.  2,  group  3). 
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Figure  13.  A)  Transmission  electron  micrographs  of  CAMs  infected  with  ILTV. 

Ectodermal  cells  showing  degeneration,  necrosis,  and  viral  particles,  x  20,000. 
B),  C),  and  D)  High  magnification  of  ILT  virus,  capsid  showing  hexagonal 
shape  with  outer  envelope,  and  surface  projections,  x  40,000,  80,000, 
100,000,  respectively. 
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Figure  14.  A)  and  B)  Transmission  electron  micrographs  of  negatively  stained  ILT  virus. 
Virus  has  been  extracted  from  infected  CAMs  inoculated  with  tracheal 
homogenate  from  infected  chicken  6  days  after  ILTV  challenge.  ILT  virus 
particles  with  hexagonal  outlines  with  outer  envelope  and  surface  projection 
x  100,000. 


Experiment  3 
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The  ratio  and  percent  protection  and  mortality  resulting  in  chickens  vaccinated 
with  two  ILT  commercial  vaccines  (CEO-M  or  CEO-m)  or  an  experimental  recombinant 
ILT  vaccine  (Herpesvirus  of  Turkey/ILTV)  and  challenged  with  ILT  field  challenge  virus 
are  shown  in  Tables  21  and  22.  All  SPF  chickens  from  group  1  (nonvaccinated 
nonchallenged  control)  survived  and  showed  no  ILT  clinical  signs  during  this  experiment. 
The  percentage  of  ILT  (+)  was  100%  in  groups  2  (nonvaccinated  control/IS  challenge) 
and  3  (nonvaccinated  control/IT  challenge)  and  7%  in  group  4  (CEO-m/lday/IS 
challenge).  There  were  no  ILT  clinical  signs  in  the  two  commercial  vaccine  treatment 
groups  5  (CEO-M/21  days/IS  challenge)  and  6  (CEO-M/21  days/IT  challenge).  There 
were  no  adverse  reactions  after  CEO-M  vaccine  administration  in  chickens  from  groups  5 
and  6.  Also,  there  were  no  ILT  clinical  signs  in  the  two  experimental  recombinant  vaccine 
treatment  groups  7  (HVT/ILTV/1  day/IS  challenge)  and  8  (HVT/ILTV/1  day/IT 
challenge)  (Table  21).  The  mortality  after  10  days  of  ILTV  challenge  was  38%  in  group  3. 
No  mortality  after  challenge  was  reported  in  groups  1,  2,  4,  5,  6,  7,  and  8  (Table  21). 

The  efficacy  of  the  commercial  ILT  vaccine  treatment  groups  was:  group  4  had 
93%  protection  and  96.8%  of  SPI,  group  5  had  100%  protection  and  99.7%  of  SPI,  and 
group  6  had  100%  protection  and  99.8%  SPI.  The  efficacy  of  the  experimental 
recombinant  vaccine  treatment  groups  was:  group  7  had  100%  protection  and  98.5%  SPI, 
and  group  8  had  100  %  protection  and  99.8%  SPI  (Table  22,  Fig.  15). 
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The  least  squares  analysis  of  variance  for  ILT  antibody  titers  before  ILTV 
challenge  showed  statistical  differences  (P  <  0.007)  with  a  CV  of  66.48%  (Tables  23,  24). 
There  was  no  seroconversion  before  challenge  in  the  three  control  groups  (1,2,  and  3). 
The  ILT  antibody  titers  before  challenge  for  the  commercial  vaccine  treatment  groups  4, 
5,  and  6  were  2,125,  1,271,  and  1,006,  respectively.  In  the  two  experimental  recombinant 
vaccine  treatment  groups  7  and  8  there  was  no  seroconversion  (Table  23).  Multiple 
comparison  test  results  among  the  average  of  ILT  antibody  titers  before  challenge  in  the 
commercial  vaccine  treatment  groups  4,  5,  and  6  showed  significant  differences  between 
groups  4  vs.  5  (P  <  0.01)  (Table  25).  Multiple  comparison  test  for  the  experimental 
recombinant  vaccine  treatment  groups  7  and  8  was  no  performed  because  they  did  not 
show  ILT  seroconversion  (Table  23,  Fig.  16). 

The  least  squares  analysis  of  variance  for  ILT  antibody  titers  after  challenge 
detected  statistical  differences  (P  <  0.0001)  with  a  CV  of  65.26%  (Tables  26,  27).  There 
was  no  ILT  seroconversion  in  group  1  (control)  at  10  days  after  ILTV  challenge.  The 
mean  ILT  antibody  titer  in  group  2  was  1,536  at  10  days  after  challenge  and  in  group  3 
3,502  at  21  days  after  challenge  (Table  26).  For  the  commercial  vaccine  treatment  groups 
4  and  5,  the  ILT  antibody  titer  was  2,552  and  3,25 1,  respectively  at  10  days  after 
challenge  and  in  group  6  the  mean  titer  was  3,190  at  21  days  after  challenge.  In  the 
experimental  recombinant  vaccine  treatment  groups,  the  ILT  antibody  titer  10  days  after 
challenge  was  968  in  group  7;  while,  the  titers  was  1,007  in  group  8  at  21  days  after 
challenge  (Table  26).  Multiple  comparison  test  results  among  the  average  of  ILT  antibody 
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titers  after  challenge  showed  significant  differences  between  groups  3  vs.  2,  4  vs.  7,  4  vs. 
8,  6  vs.  8,  and  5  vs  7  (P  <  0.01)  (Table  25,  Fig  16). 

The  least  squares  analysis  of  variance  for  BW  gains  (g)  of  SPF  chickens  10  days 
after  ILTV  challenge  showed  statistical  differences  (P  <  0.001)  for  the  effect  of  treatment 
groups  with  a  CV  of  23.57%  (Table  28).  The  BW  gains  among  treatment  groups  did  not 
vary  considerably  (Table  29).  Multiple  comparison  test  results  among  the  average  of  BW 
gain  showed  significant  differences  between  groups  1  vs.  3,  2  vs.  3  (P  <  0.01),  and  5  vs.  7 
(P<  0.1)  (Table  30,  Fig.  17). 

Virus  isolation  was  performed  in  SPF  chicken  embryos  using  homogenized 
tracheal  and  larynx  samples  from  SPF  treatment  chickens  from  groups  3,  6,  and  8.  Four 
samples  from  each  of  these  groups  were  collected  at  3,  4,  5,  and  7  days  after  ILTV 
challenge.  The  presence  of  ILT  virus  was  demonstrated  (Table  31).  Three  SPF  embryos 
(9  to  11  days  of  incubation)  per  macerated  tissue  sample  were  inoculated  by  the  CAM 
route,  as  described  before.  After  SPF  embryos  were  inoculated,  the  eggs  were  candled 
daily  for  7  days,  and  mortalities  occurring  during  the  first  24  hours  were  eliminated  from 
final  calculations.  Embryo  mortality  was  recorded  for  7  days  and  the  remaining  live  SPF 
embryos  were  opened  and  examined  for  ILT  pef  in  CAMs.  All  SPF  embryos  with  typical 
lesions  were  recorded  as  ILTV  positive  (+)  (Table  31).  Infectious  laryngotracheal  virus 
was  isolated  from  the  three  SPF  treatment  groups.  The  percentages  of  ILTV  (+)  were 
37%,  5.5%,  and  14.3%  for  groups  3,  6,  and  8,  respectively  (Table  31). 

In  this  experiment,  SPF  chickens  were  used  as  contacts  or  sentinels  in  groups  2 
and  3  (sentinel  nonchallenge)  and  in  groups  5,  6,  7,  and  8  (sentinel  challenge).  Sentinel 
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nonchallenge  (sn)  and  sentinel  challenge  (sc)  SPF  chickens  were  used  as  indicators  of 
horizontal  contact  transmission  or  contact  of  the  ILT  standard  virus  challenge,  the  ILT 
commercial  virus  vaccine,  and/or  the  experimental  recombinant  ILT  virus  vaccine.  These 
sentinels  also  were  observed  during  the  10  days  after  challenge  for  ILT  clinical  signs,  ILT 
antibody  titers  measured,  BW  gains,  morbidity  and  mortality  were  recorded. 

The  degree  of  ILT  affected  SPF  sentinels  was  higher  in  the  sn  from  groups  2  and 
3,  and  in  the  sc  from  group  7  and  8  than  in  the  sc  from  groups  5  and  6  (Table  32).  The 
mortality  due  to  ILT  10  days  after  challenge  in  the  sn  was  8.33%  from  group  2  and  no 
mortality  in  the  sn  from  group  3  occurred.  There  was  no  mortality  in  the  sc  from  groups  5 
and  6.  In  the  sc  from  groups  7  and  8,  the  mortality  was  6.25%  and  63.63%,  respectively 
(Table  32). 

The  least  squares  analysis  of  variance  for  ILT  antibody  titers  before  challenge  in 
SPF  sc  chickens  in  contact  with  the  commercial  vaccine  treatment  groups 
(5  and  6)  detected  no  show  statistical  differences  (Table  33).  The  SPF  sn  chickens  in 
contact  with  the  nonvaccinated  challenge  treatment  groups  (2  and  3)  did  not  show  ILT 
seroconversion  before  challenge.  Also,  the  SPF  sc  chickens  placed  with  the  experimental 
recombinant  ILT  vaccine  treatment  groups  7  and  8  did  not  show  ILT  seroconversion 
before  challenge  (Table  33,  Fig.  18,  19). 

The  least  squares  analysis  of  variance  for  ILT  antibody  titers  after  ILTV  challenge 
in  SPF  sn  chickens  placed  with  the  nonvaccinated  challenge  treatment  groups 
(2  and  3)  showed  statistical  differences  (P  <  0.0031)  with  a  CV  of  57.35%  (Table  34).  On 
the  other  hand,  the  least  squares  analysis  of  variance  for  ILT  antibody  titers  10  or  21  days 
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after  ILTV  challenge  in  SPF  sn  chickens  placed  with  the  commercial  vaccine  treatment 
groups  5  and  6  and  SPF  sn  chickens  placed  with  the  experimental  recombinant  ILT 
vaccine  treatment  groups  7  and  8,  did  not  show  statistical  differences  (Table  34,  Fig.  19). 

The  least  squares  analysis  of  variance  for  BW  gains  of  SPF  sn  chickens  and  SPF 
sc  chickens,  placed  with  the  respective  SPF  chickens  treatment  groups  (2,  3,  5,  6,  7,  and 
8),  detected  statistical  differences  (P  <  0.0001)  with  a  CV  of  67.32%.  The  BW  gains  of 
SPF  sn  chickens  was  less  than  for  SPF  nonvaccinated  challenge  treatment  groups  2  and  3. 
The  BW  gains  of  SPF  sc  chickens  was  almost  the  same  when  this  was  compared  with  the 
commercial  vaccine  treatment  groups  5  and  6.  The  BW  gain  of  SPF  sc  chickens  was  less 
than  for  SPF  experimental  recombinant  vaccine  treatment  groups  (7  and  8)  (Table  34,  Fig. 
20). 

Histopathologic  lesions  were  scored  on  a  scale  of  0  to  5  (normal  to  very  severe 
lesions,  respectively),  as  described  previously.  Four  samples  of  trachea  and  larynx  were 
collected  from  SPF  treatment  chickens  at  3,  4,  5,  and  7  days  after  challenge  from  groups 
3,  6,  and  8,  respectively  (Table  35,  Fig.  6-11). 

At  45  days  of  age  (3  days  after  challenge),  the  tissue  samples  from  group  3  had 
pathognomonic  ILT  lesions  with  scores  between  3  (moderate  changes)  to  5  (very  severe 
changes)  (Table  39).  The  tissue  samples  from  SPF  treatment  chickens  from  group  6 
showed  ILT  microscopic  lesion  scores  between  0  (no  lesion)  to  1  (minimal  changes), 
which  were  considered  ILT  negative.  The  tissue  samples  from  SPF  treatment  chickens, 
from  group  8,  showed  ILT  microscopic  lesion  scores  between  0  (no  lesion)  to  2  (mild 
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changes),  but  only  3  samples  of  the  12  studied  from  this  group  had  mild  changes  of  ILT 
(Table  35). 

A  total  of  36  samples  of  the  upper  part  of  the  trachea  were  collected  on  days  3,  4, 
and  5  after  challenge  (4  samples  by  group  each  day)  to  study  ultrastructural  changes  in  the 
epithelium  in  the  trachea  and  the  presence  of  ILTV  by  TEM.  These  samples  were 
collected  from  infected  SPF  chickens  from  treatment  groups  3  (challenge  control/IT),  6 
(CEO-M/21  d/IT),  and  8  (HVT/ILTV-138/ld/IT),  which  received  ILTV  challenge  by  the 
intratracheal  route.  Study  of  1 2  tracheal  samples  from  treatment  group  6  and  1 2  tracheal 
samples  from  group  8  did  not  show  either  characteristic  lesions  of  ILT  or  presence  of 
viral  particles  by  TEM  (Fig.  21-24). 

The  ultrastructural  changes  observed  in  the  1 2  tracheal  samples  from  group  3 
showed  the  characteristic  epithelial  lesions  of  acute  cytopathic  effects  due  to  ILTV  already 
described  in  experiment  2  (Fig.  21,  22).  The  ultrastructural  lesions  consisted  of 
a  progressively  enlarging  focus  of  epithelial  degeneration,  loss  of  cilia,  thickening  of 
epithelia  containing  intranuclear  and  intracytoplasmatic  viral  particles,  and  syncytia 
formation  with  epithelial  desquamation  and  necrosis.  Central  areas  of  the  lesions  became 
necrotic,  sloughed,  and  an  ulcer  filled  with  cell  debris,  fibrin,  and  necrotic  mesenchymal 
tissue  developed.  The  four  tracheal  samples  collected  3  days  after  challenge  from  this 
group,  were  ILTV  positives,  which  was  100%  (+).  Only  two  tracheal  samples  of  the  8 
samples  collected  4  and  5  days  from  the  same  group  after  challenge  were  ILTV  positives, 
which  was  50%  (+)  (Fig.  23,  24). 
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After  ILT  virus  isolation,  some  of  the  positive  CAMs,  which  had  gross  plaque 
lesions,  were  collected  and  placed  in  a  mixture  of  2.5%  glutaraldehyde,  1% 
paraformaldehyde  in  cacodylate  buffer,  pH  7.2,  0.1  M  for  transmission  electron 
microscopy  study  and  for  the  presence  of  the  ILTV.  The  ultrastructural  lesions  were 
hyperplasia  with  degeneration  of  the  mesodermal,  entoderm  and  ectodermal  cells. 
Cytoplasmic  changes  were  vacuolation  and  swollen  mitochondria.  Nuclear  lesion  were 
swelling  and  margination  of  chromatin.  Presence  of  intranuclear  and  intracytoplasm  viral 
particles  in  entodermal  cells  were  found.  These  viral  particles  in  the  cytoplasm  were  seen 
inside  vacuoles  mixed  with  tubular  structures  (Fig.  13). 

After  ILT  virus  isolation,  some  of  the  positive  CAMs  were  collected  with  3.5  ml  of 
TPB,  macerated,  and  centrifuged  at  10,000  xg  for  20  minutes.  The  supernatant  was 
prepared  by  a  negative  staining  technique  using  one  drop  of  the  supernatant  on  a  grid 
(400  mesh)  and  stained  with  1%  phosphotungstic  acid  (PTA)  for  2  minutes  to  observe 
the  morphology  of  the  isolated  ILTV.  The  morphology  and  the  size  of  the  viral  particle 
isolates  of  samples  from  infected  SPF  chickens  after  challenge,  corresponded  with  the 
specific  characteristics  described  for  ILTV  (Fig.  13,  14). 
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Figure  21.  A)  Normal  tracheal  epithelium  of  SPF  chickens  from  control  group. 

Columnar  epithelium  covered  by  cilia.  TEM.  x  9,600  (Exp.  3,  group  1). 
B)Tracheal  epithelium  of  SPF  infected  chicken  3  days  after  challenge. 
Surface  of  cell  covered  with  degenerated  cilia,  vacuolated  cytoplasm  with 
viral  particles.  TEM.  x  9,600.  C)  Enlargement  of  cytoplasm  vacuole  with 
viral  particles  surrounded  by  envelope.  TEM.  x  24,000.  D)  Nucleus  of 
epithelial  cell  with  viral  particles  and  peripheral  chromatin.  TEM. 
x  10,000  (Exp.  3,  group  3). 
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Figure  22.  A)  Infected  tracheal  epithelium  3  days  after  challenge.  Loss  of  cilia,  cytoplasm 
vacuoles  with  numerous  viral  particles.  TEM.  x  5,000.  B)  Epithelium  with 
heterophils  infiltration,  viral  particles  inside  nucleus  and  cytoplasmic  vacuoles 
TEM.  x  5,000.  (Exp.  3,  group  3). 


Figure  23.  A)  Infected  tracheal  epithelium  4  days  after  challenge,  showing  pathognomonic 
syncytia  formation.  Nucleus  with  viral  particles,  aggregated  nuclear 
chromatin,  viral  particles  inside  vacuoles  with  envelope.  TEM.  x  10,000.  B) 
Intranuclear  particles  in  nucleus,  phagocytic  cell  with  pseudopodia 
surrounding  viral  particles  and  cellular  detritus.  TEM.  x  12,000.  (Exp.  3, 
group  3), 
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Figure  24.  A)  and  B).  High  magnification  of  epithelial  nuclear  cell  (4  days  after  challenge), 
showing  degeneration  and  chromatin  aggregation,  viral  particles  with  capsid 
without  envelope.  TEM.  x  30,000.  (Exp.  3,  group  3). 


CHAPTER  V 
DISCUSSION  AND  CONCLUSIONS 


Commercially  available  infectious  laryngotracheitis  vaccines,  when  handled  and 
administered  properly,  have  been  effective  in  providing  protection  against  field  ILTV 
challenge  in  recent  years.  Vaccines  that  had  low  titers  were  mishandled  during  storage,  or 
that  were  improperly  administered  stimulated  low  level  and/or  poorly  uniform  immunity  in 
chicken  flocks  (Butcher  and  Miles,  1992).  These  vaccines  usually  were  able  to  be  shed 
from  vaccinated  chickens  and  to  infect  non-vaccinated  chickens  on  the  same  or  adjacent 
farms,  produce  severe  and  prolonged  vaccine  reactions,  or  cause  severe  disease  in  flocks 
(Hitchner,  1975;  Clarke  et  al.,  1980;  Jordan,  1981;  Bagust,  1986;  Hughes  and  Jones, 
1986;  Andreasen  et  al.,  1989b;  Davidson  et  al.,  1989b;  Guy  et  al.,  1990,  1991;  Hughes  et 
al.,  1987,  1991).  These  adverse  reactions  are  common  and  associated  with  the  improper 
use  of  the  current  modified-live  ELT  vaccines.  Serologic  differentiation  between  highly 
virulent  ILTV  field  strains  from  ILTV  vaccine  strains  continues  to  be  a  problem 
(Gelenczei  and  Marty,  1965;  Izuchi  and  Hasegawa,  1982;  York  and  Fahey,  1988;  Cloud  et 
al.,  1995;  Abbas  and  Andersen,  1996).  Infectious  laryngotracheitis  has  been  demonstrated 
to  establish  a  carrier  stage  in  recovered  chickens,  characterized  by  periods  of  latency  with 
intermittent  virus  shedding,  further  complicating  the  differentiation  between  field  virus 
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challenge  and  vaccination  (Robertson  and  Egerton,  1981;  Bagust,  1986;  Hughes  et  al., 
1991;  Prideaux  et  al.,  1992;  Williams  et  al.,  1992). 

In  this  study,  two  experimental  recombinant  vaccines  (FPV/ILTV  and  HVT/ILTV) 
with  specific  genes  from  ELTV  were  tested  for  their  ability  to  stimulate  protection  in  SPF 
chickens  against  ILT  standard  USDA  challenge  virus  exposure. 

In  experiment  1,  the  pathogenicity  of  the  ILT  standard  USDA  challenge  virus  was 
demonstrated  by  monitoring  the  development  and  severity  of  ILT  clinical  signs  in 
challenged  SPF  chickens.  The  severity  of  ILT  clinical  signs  and  the  mortality  level  differed 
depending  on  the  titer  of  ILT  virus  (low  1035,  standard  1040,  or  high  104  5)  and  the  route 
of  inoculation  (infraorbital  sinus  injection  or  intratracheal  inoculation).  Intratracheal 
inoculation  resulted  in  higher  mortality  and  a  shorter  incubation  period  in  the  SPF 
chickens  receiving  the  low,  standard,  and  high  doses  than  chickens  receiving  the  challenge 
virus  by  the  infraorbital  sinus  route  of  administration  (Table  1).  ILT  virus-specific 
antibodies  were  not  detected  in  any  of  the  groups  of  chickens  at  challenge,  demonstrating 
that  the  SPF  chickens  used  in  this  experiment  had  no  passive  or  active  ILT  antibody  titers 
before  challenge.  Results  of  ILT  antibody  titers,  as  determined  by  ELISA  analysis,  showed 
a  decreased  response  in  SPF  chicken  groups  receiving  low,  standard,  or  high  doses  by  the 
infraorbital  sinus  injection  route  than  SPF  chickens  groups  which  received  low,  standard, 
or  high  doses  by  intratracheal  route  (Table  2,  3,  and  4).  These  results  demonstrated  that 
the  chicken  humoral  immune  system  was  better  stimulated,  resulting  in  IgG  production 
when  the  ILT  standard  USDA  virus  was  inoculated  by  the  intratracheal  route  directly  onto 
the  epithelial  target  cells  (Cloud  et  al.,  1995).  The  lowest  BW  was  in  SPF  chickens 
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receiving  the  high  dose  of  ILTV  by  the  intratracheal  route;  this  probably  was  related  to  the 
severity  of  the  ILT  clinical  signs  observed  in  this  group  (Guy  et  al.,  1990;  Cloud  et  al., 
1995;  Cover,  1996)  (Tables  5,  6,  and  7).  Gross  and  histopathologic  study  of  mortality, 
during  the  10  days  after  ILT  standard  USD  A  inoculation,  demonstrated  more  severe 
lesions  in  SPF  chickens  infected  the  by  intratracheal  route.  Clinical  signs  of  ILT  after 
natural  exposure  generally  appeared  between  6  to  12  days,  depending  on  the  doses  of 
virus  and  the  pathogenicity  of  the  ILT  virus  (Kingsbury  and  Jungher,  1958;  Curtis  and 
Wallis,  1983;  Linares  et  al.,  1994;  Bagust  and  Guy,  1997).  The  incubation  period  observed 
in  this  experiment  was  shorter,  between  3  to  4  days,  in  SPF  chickens  infected  under 
experimental  conditions  by  the  intratracheal  route.  Similar  susceptibility  patterns  to  ILT 
virus  infection  has  been  previously  reported  (Seddon  and  Hart,  1935;  Benton  et  al.,  1958, 
1960;  Purcell,  1971a;  Jordan,  1981). 

In  experiment  2,  an  experimental  recombinant  Fowlpox  vector  virus  vaccine,  with 
one  gene  of  ILT  glycoprotein  B  (gB)  virus  inserted,  was  evaluated  for  its  ability  to 
stimulate  protection  in  SPF  chickens  against  ILT  standard  USDA  virus  challenge. 
Chickens  were  immunized  either  with  a  commercial  cell  embryo  origin  (CEO-moderate) 
vaccine  or  an  experimental  recombinant  FP  V/ILT  V  vaccine  and  then  challenged  with  ILT 
standard  USDA  virus  by  the  infraorbital  intrasinus  injection  or  intratracheal  inoculation 
(Tables  8,  9).  The  percentages  of  ILT  (+)  were  lower  in  SPF  chickens  administered  the 
commercial  CEO-moderate  vaccine  than  in  SPF  chickens  which  received  the  recombinant 
FP  V/ILT  V  vaccine.  However  both  groups  had  100  %  survival  following  ILTV  challenge 
(Table  8).  Groups  of  SPF  chickens  administered  the  commercial  modified  live  vaccine 
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showed  higher  percentages  of  protection  and  had  a  higher  severity  protective  index  score 
than  the  groups  administered  the  recombinant  FPV/ILTV  vaccine.  Similar  results  have 
been  reported  using  Fowlpox  recombinant  vaccines  which  vectored  genes  for  Newcastle 
disease  (Boursnell  et  al.,  1990a,  b;  Edbauer  et  al.,  1990;  Ogawa  et  al.,  1990;  Taylor  et  al., 
1996)  (Table  9). 

The  commercial  ILT  vaccine,  CEO-moderate,  administered  to  SPF  chickens  at  one 
day  of  age  caused  adverse  vaccination  reactions.  Chickens  demonstrated  ILT  clinical  signs 
and  19%  mortality  resulting  associated  with  the  residual  virulence  of  the  ILT  virus  vaccine 
(Guy  et  al.,  1990;  Hughes  et  al.,  1991).  In  spite  of  the  fact  that  the  experimental 
recombinant  FPV/ILTV  vaccine  conferred  partial  protection  in  SPF  chickens  following 
challenge;  however,  there  were  no  adverse  vaccination  reactions  or  mortality  in  any  of  the 
SPF  chickens  receiving  this  recombinant  vaccine  at  one  day  or  at  21  days  of  age. 

Chickens  immunized  with  the  recombinant  FPV/ILTV  vaccine  had  lower  ILT 
ELISA  antibody  titers  than  chickens  immunized  with  either  of  the  two  commercial  CEO 
vaccines  (Table  10,  11,  12).  These  results  are  in  agreement  with  prior  studies  which  have 
shown  low  or  no  seroconversion  for  Newcastle  disease  virus  (NDV)  by  ELISA  or  virus 
neutralization  (VN)  at  21  days  after  administration  of  a  recombinant  HVT/NDV  vaccine 
(Morgan  et  al.,  1992,  1993).  This  may  be  explained  by  considering  that  sera  were  tested 
early  in  the  immune  response  before  antibody  titers  began  to  increase  to  detectable  levels 
or  the  recombinant  HVT/NDV  vaccine  only  contained  one  or  two  genes  and  thus 
expressed  limited  and  specific  antigens  antigens  of  the  ND  virus.  These  specific  antigens 
may  not  be  the  primary  antigens  recognized  by  the  ELISA  system  (Reynolds  et  al.,  1968; 
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Morgan  et  al.,  1992,  1993).  These  results  can  also  be  explained  by  considering  that  the 
effector  mechanism  of  protection  for  ILT  is  through  the  local  cell-mediated  immune 
response  in  the  trachea  rather  than  antibody  mediated  (Fahey  and  York,  1990).  Despite 
the  low  ILT  antibody  titers  at  20  and  40  days  after  vaccination  with  recombinant 
FPV/ILTV  vaccine,  protection  against  disease  was  still  achieved. 

The  ILT  antibody  titers  were  increased  at  10  days  after  ILTV  challenge  in  both 
the  commercial  CEO  vaccinated  groups  and  in  the  recombinant  FPV/ILTV  vaccinated 
groups  (Tables  13,  14,  and  15).  The  ILT  antibody  titers  were  higher  in  SPF  chickens  that 
received  the  commercial  CEO  vaccine  at  21  days  of  age  than  in  SPF  chickens  that 
received  the  experimental  FPV/ILTV  vaccine  at  21  days  of  age.  This  higher  ILT  antibody 
titer  possibly  resulted  because  the  ILT  challenge  virus  was  administered  by  the 
intratracheal  route,  directly  to  the  target  cells.  This  direct  infection  permitted  more  ILT 
virus  to  infect  target  cells  and  replicate,  and  thus  may  increase  the  response  of  the  immune 
system  (Cloud  et  al.,  1995;  Bagust  and  Guy,  1997). 

The  BW  gains  were  higher  in  the  commercial  CEO  vaccinated  groups  and  in  the 
recombinant  FPV/ILTV  vaccinated  groups  than  in  the  control  groups.  This  result  is 
evidence  of  good  general  health  in  SPF  chickens  and  efficacy  of  the  commercial  CEO 
vaccines  and  the  recombinant  FPV/ILTV  vaccines  (Tables  16,  17  and  18). 

The  differences  in  histopathologic  ILT  lesion  scores  in  the  samples  of  trachea  and 
larynx,  collected  during  the  10  days  after  ELTV  challenge,  indicated  more  severe  ILT 
microscopic  lesions  in  the  challenge  control  groups.  Variable  ILT  lesions  were  seen  in  the 
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SPF  chickens  immunized  with  the  recombinant  FPV/ILTV  vaccine  (Table  19,  Guy  et  al., 
1990). 

Infectious  laryngotracheitis  virus  was  isolated  from  samples  of  trachea  and  larynx 
collected  from  infected  SPF  chickens  between  4  to  8  days  after  challenge.  The 
percentages  of  ILT  virus  isolation  were  higher  in  SPF  chickens  from  the  control  groups 
and  in  SPF  chickens  from  the  recombinant  FPV/ILTV  vaccine  groups,  than  in  the  SPF 
chickens  from  the  commercial  CEO  vaccine  groups.  Virus  isolation  results  were  not 
consistent  with  the  level  of  protection  demonstrated  by  the  commercial  CEO  vaccine  or  by 
the  recombinant  FPV/ILTV  vaccine  10  days  following  challenge.  This  likely  reflects  the 
extent  to  which  the  pathogenic  ILT  standard  USDA  virus  was  capable  of  replicating  in  the 
tracheal  tissues  of  immunized  chickens  (Table  20)  (Turnner,  1972;  Robertson  and 
Egerton,  1981;  Bagust,  1986;  Hughes  et  al.,  1987,  1991;  Prideaux  et  al.,  1992;  Cloud  et 
al.,  1995). 

The  ultrastructural  changes  found  in  the  tracheal  epithelial  cells  from  infected  SPF 
chickens  were  similar  to  those  described  by  prior  investigators  (Uppal  and  Chu,  1970; 
Purcell,  1971b;  Hayashi  et  al.,  1985).  In  the  infected  samples  studied  using  TEM,  syncytia 
were  observed  in  only  a  few  samples  due  to  the  extent  of  the  damage  caused  by  the  ILT 
challenge  virus  and  the  small  size  of  samples  studied  by  TEM.  The  morphology  and 
distribution  of  the  ILT  virus  was  observed  within  the  nucleus  and  large  intracytoplasmatic 
vacuoles  in  several  samples  (Cruickshank  et  al.,  1963;  Holmes  and  Watson,  1963;  Nii  et 
al.,  1968;  Purcell,  1971b;  Hayashi  et  al.,  1985). 
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In  experiment  3,  the  experimental  recombinant  HVT/ILTV-138  vaccine, 
containing  two  genes  (gD  and  gl)  of  the  infectious  laryngotracheitis  virus,  was  studied  to 
determine  its  efficacy  in  protecting  SPF  chickens  against  ILT  standard  USDA  virus 
challenge. 

Chickens  were  immunized  by  administering  either  the  commercial  CEO  vaccines 
(mild  or  moderate)  or  the  experimental  recombinant  HVT/ILTV  vaccine.  Following 
vaccination,  the  chickens  were  challenged  with  ILT  standard  USDA  virus  by  the 
infraorbital  sinus  injection  or  intratracheal  inoculation  route  (Table  21).  The  percentage  of 
ILT  (+)  was  zero  in  SPF  chickens  receiving  the  recombinant  HVT/ILTV  vaccine  and  in 
the  chickens  receiving  the  commercial  CEO-moderate  vaccine.  The  percentage  of  ILT  (+) 
was  7  %  in  SPF  chickens  receiving  the  commercial  CEO-mild  vaccine,  due  to  adverse 
vaccine  reactions  (Table  21).  However,  no  mortality  occurred  in  this  group  after  vaccine 
administration.  This  result  demonstrated  that  the  mild  modified  ILT  vaccine  virus  retained 
its  antigenicity  to  a  degree  (Clarke  et  al.,  1980;  Bagust,  1986;  Guy  et  al.,  1991;  Hughes  et 
al.,  1991). 

Currently,  ILT  infection  in  endemic  areas  is  controlled  through  immunization  with 
live  vaccines  containing  attenuated  ILT  virus  strains.  However,  one  of  the  major  problems 
with  these  ILT  vaccines  is  that  infected  and  vaccinated  chickens  cannot  be  distinguished. 
The  vaccination,  even  with  attenuated  mild  strains  of  ILT  virus,  may  cause  mild  disease 
(Marty  and  Winans,  1970,  Mallison  et  al.,  1981;  Russell,  1983;  Barhoom  et  al.,  1986; 
Davidson  et  al.,  1989b,  Guy  et  al.,  1990). 
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Immunization  of  SPF  chickens  with  the  recombinant  HVT/ILTV  vaccine 
expressing  only  two  genes  (gD  and  gl)  of  the  ILT  virus  had  some  advantages  over 
commercially  available  ILT  vaccines.  When  the  commercially  available  live  vaccines  were 
administered,  there  were  adverse  vaccine  reactions  following  vaccination  and  it  was 
difficult  to  distinguish  between  vaccination  and  field  challenge  by  serology.  The 
recombinant  HVT/ILTV  vaccine  caused  no  clinical  postvaccination  reactions  and  the 
ability  to  diagnose  ILT  was  facilitated  because  it  was  possible  to  distinguish  vaccinated 
from  challenged  chickens  by  serology  means.  Due  to  the  presence  of  specific  antibodies  to 
ILT  glycoprotein  genes  selected  in  the  construction  of  this  recombinant  vaccine, 
differentiation  would  be  facilitated  (Edbauer  et  al.,  1990;  Nazerian  et  al.,  1993;  Morgan  et 
al.,  1992,  1993;  Saif  et  al.,  1994;  Heckert  et  al.,  1996;  Witter  et  al.,  1997).  Herpesviruses, 
which  are  used  in  vaccines  against  Marek's  disease  such  as  HVT,  produce  a  persistent 
viremia.  This  suggests  that  ILTV  genes  cloned  into  the  HVT  vector  may  be  continuously 
expressed  in  the  chicken.  Thus  lifelong  immunity  against  ILT  would  be  anticipated 
(Carlson,  1885;  Calnek  et  al.,  1989;  Heckert  et  al.,  1996;  Bagust  and  Guy,  1997). 

The  absence  of  detectable  ILT  antibody  titers  following  HVT/ILTV  recombinant 
vaccine  administration  was  of  concern.  However;  the  SPI  of  98.5  to  99.8%  and 
protection  of  100  %  after  ILTV  challenge  were  similar  to  the  protection  level  achieved 
using  the  commercial  CEO  vaccines.  These  results  are  consistent  with  those  reported  by 
Saif  et  al.,  1994  (Tables  22,  23,  24,  25).  In  SPF  chickens  receiving  the  recombinant 
HVT/ILTV  vaccine,  the  absence  of  serologic  response  when  using  commercially  available 
ELISA  kit  maybe  explained  because  the  recombinant  vaccine  expresses  only  two  genes  of 
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the  ILT  virus.  Similar  results  were  reported  previously  by  Morgan  et  al.,  1992,  1993, 
working  with  a  HVT/MDV/ND  V  recombinant  vaccine  expressing  only  one  or  two  genes 
of  ND  virus  (Tables  25,  26,  and  27).  Despite  the  absence  of  detectable  ILT  antibody  titers 
following  immunization  with  the  recombinant  HVT/ILTV  vaccine,  a  high  level  of 
protection,  comparable  with  the  commercial  CEO  vaccine,  was  found  (Table  22). 

Protein  expression  levels  of  the  two  glycoprotein  genes  of  ILT  virus  inserted  into 
the  HVT  protected  immunity  against  MDV  challenge  following  these  manipulations  were 
not  assessed  in  this  experiment.  These  findings  suggested  that  the  experimental 
recombinant  HVT/ILTV  vaccine  was  stable  and  produced  protective  immunity  against 
ILT  virus  challenge  at  a  level  comparable  with  the  protection  obtained  in  chickens 
administered  the  commercial  CEO  vaccines.  These  results  suggest  that  the  HVT  afforded 
the  expression  of  two  ILTV  genes  and  the  HVT  virus  was  able  to  replicate  successfully  in 
the  chicken. 

It  has  been  reported  that  cell-mediated  immunity  plays  an  important  role  in 
protection  against  ILTV  challenge  (Bagust,  1986;  York  et  al.,  1989;  Fahey  and  York, 
1990).  Possibly  the  cell-mediated  immune  response  contributed  to  the  high  level  of 
protection  achieved  by  the  recombinant  HVT/ILTV  vaccine  (Benton  et  al.,  1960;  Fahey 
and  York,  1990;  Bagust  and  Guy,  1997). 

The  BW  gains  were  similar  in  the  groups  administered  the  commercial  vaccines 
and  in  those  administered  the  recombinant  HVT/ILTV  vaccine.  A  statistical  differences 
was  present  in  group  5  (CEO-moderate)  compared  with  group  7  (HVT/ILTV 
recombinant)  (P  <  0.01)  (Tables  29,  30).  These  results  are  evidence  of  general  health 
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status  of  the  SPF  chickens  due  to  the  protection  afforded  by  the  commercial  CEO  vaccine 
and  the  recombinant  HVT/ILTV  vaccine. 

Infectious  laryngotracheitis  virus  was  isolated  from  samples  of  trachea  and  larynx 
from  ILT  infected  SPF  chickens  from  the  three  experimental  groups,  3  (control),  6  (CEO- 
moderate  vaccine),  and  8  (HVT/ILTV  recombinant  vaccine).  Samples  were  collected 
between  3  to  7  days  after  ILTV  challenge  from  chickens  administered  ILT  challenge  by 
intratracheal  route  (Table  31).  ILT  virus  was  isolated  in  higher  percentages  from  SPF 
chickens  from  the  control  group  (37%)  and  from  the  recombinant  HVT/ILTV  vaccinated 
group  (14.3%).  ILT  virus  was  isolated  in  lower  percentages  from  SPF  chickens 
administered  the  commercial  CEO-moderate  vaccine  (5.5%)  after  challenge.  These  results 
were  not  consistent  with  results  from  the  protection  data  as  high  levels  of  protection  was 
present  in  the  groups  receiving  the  commercial  CEO  mild  or  moderate  vaccines  or  the 
recombinant  HVT/ILTV  vaccine.  Similar  findings  were  observed  in  the  previous 
experiment  with  FPV/ILTV  recombinant  vaccine.  This  may  reflect  the  virulence  of  the 
ILT  standard  USDA  virus  and  be  related  to  the  time  of  the  collection  of  the  samples  at  3, 
4,  5,  and  7  days  after  challenge,  the  titer  of  the  ILT  challenge  virus,  and  the  route  of  ILT 
administration. 

Histopathologic  results  for  ILT  induced  lesions  in  the  trachea  were  similar  to 
those  found  in  the  samples  from  experiment  2.  The  more  severe  ILT  lesions  following 
challenge  were  seen  in  the  control  groups.  The  histopathologic  lesions  were  rare  in  the 
recombinant  vaccine  and  commercial  CEO  moderate  vaccine  groups  and  were  considered 
nonspecific.  These  histologic  lesions  may  be  considered  non-specific  as  in  these  samples. 
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In  these  samples  syncytia  or  ILTV  intranuclear  inclusion  bodies  were  not  found  (Table 

39). 

Sentinels  were  used  in  this  experiment  to  evaluate  possible  horizontal  transmission 
of  the  vaccine  viruses.  The  absence  of  contact  transmission  was  demonstrated  by  the 
susceptibility  of  the  sentinel  SPF  chickens  placed  in  contact  with  the  SPF  chickens 
immunized  with  the  recombinant  HVT/ILTV  vaccine  (Tables  32,  33).  Mortality  resulting 
from  ILT  after  challenge  occurred  only  in  the  sentinel  SPF  chickens  placed  in  contact 
with  the  SPF  chickens  immunized  with  the  recombinant  HVT/ILTV  vaccine.  In  addition, 
these  sentinel  chickens  did  not  experience  ILT  seroconversion  before  challenge.  On  the 
other  hand,  the  sentinel  chickens  placed  in  contact  with  the  chickens  immunized  using  the 
commercial  CEO-moderate  vaccine  showed  ILT  seroconversion  before  challenge.  This 
suggested  that  the  ILT  attenuated  virus  vaccine  was  capable  of  spreading  to  non- 
vaccinated  sentinels. 

The  BW  gains  were  higher  in  the  sentinels  housed  with  chickens  receiving  the 
commercial  ILT  vaccine  or  the  recombinant  vaccine  groups,  than  in  the  sentinels  housed 
in  contact  with  the  chickens  of  the  challenge  control  groups.  Sentinels,  which  were  placed 
in  contact  with  the  challenge  control  groups  were  not  individually  challenged,  relying  on 
horizontal  transmission.  The  decreased  BW  gains  and  the  mortality  observed  in  the 
sentinels  placed  with  the  challenge  control  groups  and  the  mortality  in  the  sentinels  placed 
with  the  recombinant  vaccine  groups  suggested  that  the  ILT  standard  challenge  virus 
spread  horizontally  to  non-vaccinated  SPF  sentinels.  The  ILT  attenuated  virus  strain  used 
as  commercial  CEO  vaccine  was  able  to  spread  horizontally  (Table  34).  These  findings 
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suggest  that  immunization  with  recombinant  HVT/ILTV  vaccine  does  not  result  in 
adverse  vaccine  reactions  in  SPF  chickens  and  indicates  that  the  recombinant  vaccine  is 
safe  in  the  field  (Saif  et  al.,  1994). 

Further  studies  should  be  conducted  with  recombinant  ILT  vaccines  to  clarify  the 
immune  mechanisms  involved  in  providing  protection  against  ILTV  infection  especially 
the  role  of  CMI,  the  duration  of  the  resulting  immunity,  the  immunity  conferred  by  the 
virus  used  as  the  vector  (FPV  or  HVT),  and  evaluate  the  recombinant  vaccines  in  chickens 
with  homogeneous  Class  I MHC  haplotype  to  minimize  genetic  variation. 

In  summary,  these  results  indicate  that  the  two  recombinant  virus  vaccines  tested 
were  comparable  in  efficacy  to  the  commercial  vaccines  in  protecting  SPF  chickens 
against  ILT  standard  USDA  virus  challenge.  The  recombinant  vaccines  were  safe  and  did 
not  cause  adverse  vaccine  reactions,  even  following  immunization  of  chickens  at  1  day  of 
age.  The  recombinant  vaccines  did  not  readily  spread  horizontally.  This  was  evidenced  by 
the  susceptibility  to  ILT  standard  USDA  virus  challenge  of  sentinel  chickens  which  were 
placed  with  SPF  chickens  immunized  with  the  recombinant  HVT/ILTV  vaccine.  These 
studies  suggest  that  recombinant  vaccines  have  a  potential  commercial  use  and  may  be  of 
considerable  benefit  to  the  poultry  industry  throughout  the  world  in  the  future. 


REFERENCES 


Abbas,  F.  and  J.  R.  (Jr.)  Andersen.  1996.  Comparison  of  diagnostic  tests  for  Infectious 
Laryngotracheitis.  Avian  Dis.  40:  290-295. 

Alexander,  H.  S.,  and  E.  Nagy.  1997.  Polymerase  chain  reaction  to  detect  Infectious 
Laryngotracheitis  virus  in  conjunctival  swabs  from  experimentally  infected  chickens.  Avian 
Dis.  41:646-653. 

Alls,  A.  A.,  J.  R.  Ipson,  and  W.  D.  Vaughan.  1969.  Studies  on  an  ocular  Infectious 
Laryngotracheitis  vaccine.  Avian  Dis.  13:36-45. 

Andreasen,  J.  R.(Jr),  J.  R.  Glisson,  MA.  Goodwin,  R.S.  Resurrection,  P.  Villegas,  and  J. 
Brown.  1989a.  Studies  of  Infectious  Laryngotracheitis  vaccines:  Immunity  in  broilers. 
Avian  Dis.  33:  516-523. 

Andreasen,  J.  R.  (Jr.),  J.  R.  Glisson,  M.  A.  Goodwin,  R.  S.  Resurreeccion,  P.  Villegas, 
and  J.  Brown.  1989b.  Studies  of  Infectious  Laryngotracheitis  vaccines:  Immunity  in  layers. 
Avian  Dis.  33:  524-530. 

Andreasen,  J.  R.  (Jr),  J.  R.  Glisson,  and  P.  Villegas.  1990.  Differentiation  of  vaccine 
strains  and  Georgia  field  isolates  of  infectious  laryngotracheitis  virus  by  their  restriction 
endonuclease  fragment  patterns.  Avian  Dis.  34:646-656. 

Bagust,  T.  J.  1986.  Laryngotracheitis  (gallid-1)  herpesvirus  infection  in  the  chicken. 
Latency  establishment  by  wild  and  vaccine  strains  of  JLT  virus.  Avian  Path.  15:  581-595. 

Bagust,  T.  J.,  B.  W.  Calnek,  and  K.  J.  Fahey.  1986.  Gallid-1  Herpesvirus  Infection  in  the 
chicken.  3.  Reinvestigation  of  the  pathogenesis  of  Infectious  Laryngotracheitis  in  acute 
and  early  post-acute  respiratory  disease.  Avian  Dis.  30: 179-190. 

Bagust,  T.  J.,  and  J.  S.  Guy.  1997.  Laryngotracheitis.  In:  Diseases  of  Poultry.  Tenth  ed.  B. 
W.  Calnek,  H.  J.  Barnes,  C.  W.  Beard,  L.  R.  McDouglad,  and  Y.  M.  Saif  (ed.).  Iowa 
State  Univ.  Press,  Ames,  Iowa,  USA.  pp.527-539. 

Bagust,  T.  J.,  and  M.  A.  Johnson.  1995.  Avian  Infectious  Laryngotracheitis:  virus-host 
interactions  in  relation  to  prospects  for  eradication.  Avian  Pathol..  24:373-391. 


113 


114 


Barhoom,  S.,  A.  Forgacs,  and  F.  Solyom.  1986.  Development  of  an  inactivated  vaccine 
against  Infectious  Laryngotracheitis  (ILT)  -  Serological  and  protection  studies.  Avian 
Pathol..  15:213-221. 

Baudette,  F.  R.  1937.  Infectious  laryngotracheitis.  Poult.  Sci.  16:103-105. 

Benton,  W.  J.,  M.  S.  Cover,  and  W.  C.  Krauss.  1960.  Studies  on  parental  immunity  to 
infectious  laryngotracheitis  of  chickens.  Avian  Dis.  4:  491-499. 

Benton,  W.  J.,  M.  S.  Cover,  and  L.  M.  Greene.  1958.  The  clinical  and  serological 
response  of  chickens  to  certain  Laryngotracheitis  viruses.  Avian  Dis.  2:383-396. 

Binns,  M.  M.,  F.  M.,  Tomley,  J.  Campbell,  and  M.  E.G.  Boursnell.  1988.  Comparison  of  a 
conserved  region  in  Fowlpox  virus  and  Vaccinia  virus  genomes  and  the  translocation  of 
the  Fowlpox  virus  thymidine  kinase  gene.  J.  Gen.  Virol.  69:1275-1283. 

Boursnell,  M.  E.  G,  P.  F.  Green,  J.  I.  A.  Campbell,  A.  Deuter,  R.  W.  Peters,  F.  M. 
Tomley,  A.  C.  R.  Samson,  P.  Chambers,  P.  T.  Emmerson,  and  M.  M.  Binns.  1990a. 
Insertion  of  the  fusion  gene  from  Newcastle  disease  virus  into  a  non-essential  region  in  the 
terminal  repeats  of  fowlpox  virus  and  demonstration  of  protective  immunity  induced  by 
the  recombinant.  J.  Gen.  Virology.  71:621-628. 

Boursnell,  M.  E.  G,  P.  F.  Green,  A.  C.  R.  Samson,  J.  L  A.  Campbell,  A.  Deuter,  R.W. 
Peters,  N.S.  Millar,  P.T.  Emmerson,  and  M.  M.  Binns.  1990b.  A  Recombinant  Fowlpox 
virus  expressing  the  hemagglutinin-neuraminidase  gene  of  Newcastle  disease  virus  (NDV) 
protects  chickens  against  challenge  by  NDV.  Virology  178:297-300. 

Butcher,  G.D.,  and  R.  D.  Miles.  1992.  Vaccination  failure.  Factors  to  consider.  Industria 
Avicola.  39:16-19. 

Calnek,  B.  W.,  K.  J.  Fahey,  and  T.  J.  Bagust.1986.  In  vitro  infection  studies  with 
Infectious  Laryngotracheitis  virus.  Avian  Dis.  30:327-336. 

Calnek,  B.  W.,  B.  Lucio,  and  K.  A.  Schat.  1989.  Pathogenesis  of  Marek's  disease  virus- 
induced  local  lesions.  2.  Influence  of  virus  strain  and  host  genotype.  In:  Advances  in 
Marek's  disease  research.  S.  Kato,  T.  Horiuchi,  T.  Mikami,  and  K.  Hirai  (eds.).  Japanese 
Association  on  Marek's  Disease.  Osaka,  Japan,  pp.  324-330. 

Calnek,  B.  W.,  and  R.  L.  Witter.  1997.  Marek's  Disease.  In:  Diseases  of  Poultry.  Tenth 
ed.  B.  W.  Calnek,  H.  J.  Barnes,  C.  W.  Beard,  L.  R.  McDoulad,  and  Y.  M.  Saif  (ed.).  Iowa 
State  Univ.  Press,  Ames,  Iowa,  USA  pp.369-413. 


115 


Carlson,  J.  H.  1985.  Development  and  application  of  genetically  engineered  viral  vaccine 
of  poultry.  Avian  Dis.30:24-27. 

Cheville,  N.  F.  1994.  Cytopathology  of  viral  diseases.  In:  Ultrastructural  Pathology.  An 
introduction  to  interpretation.  First  ed.  Iowa  State  Univ.  Press,  Ames,  Iowa,  USA.  pp. 
491-503. 

Clarke,  J.  K.,  G.  M.  Robertson,  and  D.A.  Purcell.  1980.  Spray  vaccination  of  chickens 
using  Infectious  Laryngotracheitis  virus.  Aust.  Vet.  J.56:  424-428. 

Clavijo,  A.,  and  E.  Nagy.  1997.  Differentiation  of  Infectious  Laryngotracheitis  virus 
strains  by  polymerase  chain  reaction.  Avian  Dis.  41:241-246. 

Cloud,  S.  S.,  J.  K.  Rosenberger,  C.  R.  Pope,  and  M.  M.  Straight.  1995.  Evaluation  of 
broiler  vaccination  programs  for  Infectious  Laryngotracheitis  virus.  Department  of  Animal 
and  Food  Sciences  Bulletin.  University  of  Delaware,  Newark,  DE.  pp.  2-9. 

Cover,  M.  S.,  and  W.  J.  Benton.  1958.  The  biological  variation  of  the  Infectious 
Laryngotracheitis  virus.  Avian  Dis.  2:  375-382. 

Cover  M.  S.  1996.  The  early  history  on  Infectious  Laryngotracheitis.  Avian  Dis  40-  494- 
500. 

Cruickshank,  J.  G,  D.  M.  Berry,  and  B.  Hay.  1963.  The  fine  structure  of  infectious 
laryngotracheitis  virus.  Virology.  20:376-378. 

Curtis,  P.  E.,  and  A.  S.  Wallis.  1983.  Infectious  laryngotracheitis.  Vet.  Rec.  112:486. 

Curtney,  R.  J.  1984.  Virus-specific  components  of  herpes  simplex  virus  involved  in  the 
immune  response.  In:  Immunobiology  of  herpes  simplex  virus  infection.  B.T.  Rouse  and 
C.  Lopez,  Eds.  Pp.  CRC  Press,  Boca  Raton,  Fl.  34-44. 

Davidson,  S.,  G.  Smith,  and  J.  Eckrade.  1989a.  Laryngotracheitis  in  chickens.  The  length 
of  the  preinfectious  and  infectious  periods.  Avian  Dis.  33:18-23. 

Davidson,  S.,  G.  Smith,  and  R.  J.  Eckroade.  1989b.  Laryngotracheitis  in  chickens: 
Infection  studies  and  the  efficacy  of  a  tissue-culture  vaccine  in  chickens  less  than  four 
weeks  old.  Avian  Dis.  33:  24-29. 

Dykstra,  M.  J.  1992.  Biological  Electron  Microscopy.  Theory,  Techniques,  and 
Troubleshooting.  Plenum  Press,  New  York  &  London,  pp.  295-299,  311-319. 


116 


Dykstra,  M.  J.  1993.  A  Manual  of  Applied  Techniques  for  Biological  Electron 
Microscopy.  Plenum  Press,  New  York  &  London,  pp.  147-148,  218-228. 

Edbauer,  C,  R.  Weinberg,  J.  Taylor,  A.  Rey-Senelonge,  J.  Bouquet,  P.  Desmettre,  and  E. 
Paoletti.  1990.  Protection  of  chickens  with  a  recombinant  Fowlpox  virus  expressing  the 
Newcastle  disease  virus  hemagglutinin-neuraminidase  gene.  Virology  179:  901-904. 

Fahey,  K.  J.,  J.  J.York,  and  T.  J.  Bagust.  1984.  Laryngotracheal  herpesvirus  infection  in 
the  chicken.  II.  The  adoptive  transfer  of  resistance  with  immune  spleen  cells.  Avian  Path. 
13:265-275. 

Fahey,  K.  J.  and  J.  J.  York.  1990.  The  role  of  mucosal  antibody  in  immunity  to  infectious 
laryngotracheitis  virus  in  chickens.  J.  of  Gen.  Virology.  71:  2401-2405. 

Fatunmbi,  O.  O.,  W.  M.  Reed,  D.  L.  Schwartz,  and  D.  N.  Tripathy.  1995.  Dual  infection 
of  chickens  with  Pox  and  Infectious  Laryngotracheitis  (ILT)  confirmed  with  specific  Pox 
and  ILT  DNA  Dot-Blot  Hybridization  assays.  Avian  Dis.  39:  925-930. 

Gelenczei  E.  F.  and  E.  W.  Marty.  1964.  Studies  on  tissue-culture-modified  Infectious 
Laryngotracheitis  Virus.  Avian  Dis.  8:  105-122. 

Gelenczei,  E.  F.,  and  E.  W.  Marty.  1965.  Strain  stability  and  immunologic  characteristics 
of  a  tissue-culture-modified  Infectious  Laryngotracheitis  virus.  Avian  Dis.  9:  44-56. 

Goodwin,  M.  A,  M.  A.  Smeltzer,  J.  Brown,  R.S.  Resurrection,  and  T.G.  Dickson.  1991. 
Comparison  of  histopathology  to  the  direct  immunofluorescent  antibody  test  for  the 
diagnosis  of  Infectious  Laryngotracheitis  in  chickens.  Avian  Dis.  35:  389-391. 

Guo,  P.,  E.  Scholz,  B.  Maloney,  and  E.  Welniak.  1994.  Construction  of  recombinant  avian 
infectious  laryngotracheitis  virus  expressing  the  P-galactosidase  gene  and  DNA 
sequencing  of  the  insertion  region.  Virology.  202:771-781. 

Guy,  J.  S.,  H.  J.  Barnes,  L.  L.  Munger,  and  L.  Rose.  1989.  Restriction  endonuclease 
analysis  of  Infectious  Laryngotracheitis  viruses:  Comparison  of  modified-live  vaccine 
viruses  and  North  Carolina  field  isolates.  Avian  Dis.  33:  3 16-323. 

Guy,  J.  S.,  H.  J.  Barnes,  and  L.  M.  Morgan.  1990.  Virulence  of  Infectious 
Laryngotracheitis  viruses:  Comparison  of  modified-live  vaccine  viruses  and  North 
Carolina  field  isolates.  Avian  Dis.  34: 106-1 13. 

Guy,  J.  S.,  H.  J.  Barnes,  and  L.  Smith.  1991.  Increased  virulence  of  modified-live 
Infectious  Laryngotracheitis  vaccine  virus  following  bird-to-bird  passage.  Avian  Dis 
35:348-355. 


117 


Hayashi,  S.,  Y.  Odagiri,  T.  Kotani,  and  T.  Horiuchi.  1985.  Pathological  changes  of 
tracheal  mucosa  in  chickens  infected  with  Infectious  Laryngotracheitis  Virus.  Avian  Dis. 
29:943-950. 

Hayat,  M.  A.  198 1 .  Fixation  for  Electron  Microscopy.  Academic  Press.  New  York,  pp.66- 
110,171-174. 

Heckert,  R.  A.,  J.  Riva,  S.  Cook,  J.  McMillen,  and  R.  D.  Schwartz.  1996.  Onset  of 
protective  immunity  in  chicks  after  vaccination  with  a  recombinant  Herpesvirus  of  Turkeys 
vaccine  expressing  Newcastle  disease  virus  fusion  and  hemagglutinin-neuraminidase 
antigens.  Avian  Dis.  40:770-777. 

Hitchner,  S.  B.  1975.  Infectious  Laryngotracheitis:  The  virus  and  the  immune  response. 
Am.  J.  Vet.  Res.  36:518-519. 

Hitchner,  S.  B.,  J.  Fabricant,  and  T.  J.  Bagust.  1977.  A  fluorescent-antibody  study  of  the 
pathogenesis  of  Infectious  Laryngotracheitis.  Avian  Dis.  21:185-194. 

Holmes  I.  H.  and  D.H.  Watson.  1963.  An  electron  microscope  study  of  the  attachment 
and  penetration  of  herpes  virus  in  BHK21  cells.  Virology  21:  1 12-123. 

Hughes,  C.  S.,  R.  M.  Gaskell,  R.  C.  Jones,  J.  M.  Bradbury,  and  F.  T.  W.  Jordan.  1989. 
Effects  of  certain  stress  factors  on  the  re-excretion  of  infectious  laryngotracheitis  virus 
from  latently  infected  carrier  birds.  Res.  Vet.  Sci.  46:  247-276. 

Hughes,  C.  S.,  and  R.  C.  Jones.  1988.  Comparison  of  cultural  methods  for  primary 
isolation  of  Infectious  Laryngotracheitis  virus  from  field  material.  Avian  Pathol.  17:295- 
303. 

Hughes,  C.  S.,  R.  C.  Jones,  R.  M.  Gaskell,  F.  T.  W.  Jordan,  and  J.  M.  Bradbury.  1987. 
Demonstration  in  live  chickens  of  the  carrier  state  in  Infectious  Laryngotracheitis. 
Research  in  Vet  Sci.  42:407-410. 

Hughes,  C.  S.,  R.  A.  Williams,  R.  M.  Gaskell,  F.  T.  W.  Jordan,  J.  M.  Bradbury,  M. 
Bennett,  and  R.  C.  Jones.  1991.  Latency  and  reactivation  of  infectious  laryngotracheitis 
vaccine  virus.  Arch.  Virol.  121:213-218. 

Izuchi,  T.,  and  A.  Hasegawa.  1982.  Pathogenicity  of  Infectious  Laryngotracheitis  virus  as 
measured  by  chickens  embryo  inoculation.  Avian  Dis.  26:  18-25. 


118 


Jordan,  F.  T.  W.  1981.  Immunity  to  infectious  laryngotracheitis,  in:  Avian  Immunology, 
British  Poultry  Science  Symposium  Series.  16,  245-254. 

Keeler,  C.  L.(Jr.),  D.  H.  Kingsley,  and  C.  R.  Adams  Burton.  1991.  Identification  of  the 
Thymidine  Kinase  Gene  of  Infectious  Laryngotracheitis  virus.  Avian  Dis.  35:920-929. 

Keeler,  C.  L.  (Jr.),  J.  W.  Hazel,  J.  E.  Hastings,  and  J.  K.  Rosenberger.  1993.  Restriction 
endonuclease  analysis  of  Delmarva  field  isolates  of  Infectious  Laryngotracheitis  virus. 
Avian  Dis.  37:418-426 

Keller,  L.  H,  C.  E.  Benson,  S.  Davison,  and  R.  J.  Eckroade.  1992.  Differences  among 
restriction  endonuclease  DNA  fingerprints  of  Pennsylvania  field  isolates,  vaccine  strains, 
and  challenge  strains  of  Infectious  Laryngotracheitis  virus.  Avian  Dis.  36:  575-581. 

Key  D.  W.,  B.  C.  Gough,  J.  B.  Derbyshire,  and  E.  Nagy.  1994.  Development  and 
evaluation  of  a  non-isotopically  labeled  DNA  probe  for  diagnosis  of  Infectious 
Laryngotracheitis.  Avian  Dis.  38:  467-474. 

Kingsbury,  F.  W.,  and  E.  L.  Jungherr.  1958.  Indirect  transmission  of  Infectious 
Laryngotracheitis  in  chickens.  Avian  Dis.  2:54-63. 

Kotiw,  M.,  M.  Sheppard,  J.  T.  May,  and  C.  R.  Wilks.  1986.  Differentiation  between 
virulent  and  avirulent  strains  of  Infectious  Laryngotracheitis  virus  by  DNA:DNA 
hybridization  using  a  cloned  DNA  marker.  Vet.  Microbiology  11:3 19-330. 

Kotiw,  M.,  C.  R.  Wilks,  and  J.  T.  May.  1982.  Differentiation  of  Infectious 
Laryngotracheitis  virus  strains  using  Restriction  Endonucleases.  Avian  Dis.  26:718-731. 

Kozuka,  Y.  1989.  Laboratory  Manual  for  Transmission  Electron  Microscope  Specimen 
Preparation.  University  of  Costa  Rica.  Centro  de  Investigacion  en  Biologia  Celular  y 
Molecular  (CIBCM).  pp.  5-122. 

Lee,  L.  F.,  X.  Liu,  and  R.  L.  Witter.  1983.  Monoclonal  antibodies  with  specificity  for 
three  different  serotypes  of  Marek's  disease  viruses  in  chickens.  J.  Immunol.  130:1003- 
1006. 

Leib,  D.  A,  J.  M.  Bradbury,  R.  M.  Gaskell,  C.  S.  Hughes,  and  R.  C.  Jones.  1986. 
Restriction  endonuclease  patterns  of  some  European  and  American  isolates  of  Avian 
Infectious  Laryngotracheitis  virus.  Avian  Dis.  30:835-837. 

Linares,  J.  A,  A.  A.  Bickford,  G.  L.  Cooper,  B.  R  Charlton,  and  P.  R.  Woolcock.  1994. 
An  outbreak  of  Infectious  Laryngotracheitis  in  California  broilers.  Avian  Dis.  38:188-192. 


119 


Luengo,  A.  C.  1996.  Comparative  resistance  among  six  Dekalb  lines  and  five  Dekalb 
cross-matings  of  pullets  to  infectious  bursal  disease  virus.  Master  thesis.  University  of 
Florida,  Gainesville,  Florida,  USA. 

Mallison,  E.  T.,  K.  F.  Miller,  and  C.  D.  Murphy.  1981.  Cooperative  control  of  Infectious 
Laryngotracheitis.  Avian  Dis.  25:723-729. 

Marsh,  J.  D.,  L.  D.  Bacon,  and  A.  M.  Fadly.  1995.  Effect  of  serotype  2  and  3  Marek's 
disease  vaccines  on  the  development  of  Avian  Leukosis  virus-induced  pre-neoplastic 
bursal  follicles.  Avian  Dis.  39:743-751. 

Marsh,  T.  E.,  D.  K.  Fluke,  and  P.  Villegas.  1997.  Efficacy  of  INOVOJECTR  egg  injection 
system  for  delivering  Marek's  disease  vaccine  under  hatchery  conditions.  Avian  Dis. 
41:452-454. 

Marty,  E.  W.,  and  R.  E.  Winans.  1970.  Immunizing  characteristics  of  a  tissue-culture- 
origin  modified  live- virus  ocular  vaccine  for  Infectious  Laryngotracheitis.  Avian  Dis.  15: 
277-283. 

May,  H.  G.,  and  R.  P.  Tittsler.  1925.  Tracheo-Laryngitis  in  poultry.  J.  Am.  Vet.  Med. 
Assoc.  67:229-231. 

McMillen,  J.  K.,  M.  D.  Cochran,  D.  E.  Junker,  D.  N.  Reddy,  and  D.  M.  Valencia.  1994. 
The  safe  and  effective  use  of  Fowlpox  virus  as  a  vector  for  poultry  vaccines.  In: 
Recombinant  Vectors  in  Vaccine  Development.  Brown  F.  (Ed).  Dev.  Biol.  Stand.  Basel, 
Karger.  Vol.  82.  pp.  137-145. 

Moore,  F.  R,  B.  W.  Calnek,  and  S.  E.  Bloom.  1994.  Cytogenetic  studies  of  cell  lines 
derived  from  Marek's  disease  virus-induced  local  lesions.  Avian  Dis.  38:797-799. 

Morgan,  R.  W.,  J.  Gelb,  Jr.,  C.  S.  Schreurs,  D.  Lutticken,  J.  K.  Rosenberger,  and  J.  A. 
Sondermeijer.  1992.  Protection  of  chickens  from  Newcastle  and  Marek's  diseases  with  a 
recombinant  Herpesvirus  of  Turkeys  vaccine  expressing  the  Newcastle  disease  virus  fusion 
protein.  Avian  Dis.  36:858-870. 

Morgan,  R.  W.,  J.  Gelb,  Jr.,  C.  R.  Pope,  and  P.  J.  A.  Sondermeijer.  1993.  Efficacy  in 
chickens  of  a  Herpesvirus  of  Turkeys  recombinant  vaccine  containing  the  fusion  gene  of 
Newcastle  disease  virus:  Onset  of  protection  and  effect  of  maternal  antibodies.  Avian  Dis 
37:1032-1040. 

Nazerian,  K.,  L.  F.  Lee,  N.  Yanagida,  and  R.  Ogawa.  1992.  Protection  against  Marek's 
disease  by  a  fowlpox  virus  recombinant  expressing  the  glycoprotein  B  of  Marek's  disease 
virus.  J.  Virol.  66:1409-1413. 


120 


Nazerian,  K.,  R.  L.  Witter,  L.  F.  Lee,  and  N.  Yanagida.  1996.  Protection  and  synergism 
by  Recombinant  Fowl  Pox  vaccines  expressing  genes  from  Marek's  disease  virus.  Avian 
Dis.  40:368-376. 

Nii,  S.,  C.  Morgan,  and  H.  M.  Rose.  1968.  Electron  microscopy  of  herpes  simplex  virus 
II.  Sequence  of  development.  J.  Virol.  2:517-536. 

Ogawa,  R,  N.  Yanagida,  S.  Saeki,  S.  Saito,  S.  Ohkawa,  H.  Gatoh,  K.  Kodama,  K. 
Kamogawa,  K.  Sawaguchi,  and  Y.  Iritani.  1990.  Recombinant  fowlpox  viruses  inducing 
protective  immunity  against  Newcastle  disease  and  fowlpox  viruses.  Vaccine.  88:486-490. 

Ohkubo,  Y.,  K.  Shibata,  T.  Mimura,  and  I.  Takashima.  1988.  Labeled  avidin-biotin 
enzyme-linked  immunosorbent  assay  for  detecting  antibody  to  infectious  laryngotracheitis 
virus  in  chickens.  Avian  Dis.  32:24-3 1. 

Ott,  L.  R.  1993.  An  introduction  to  statistical  methods  and  data  analysis.  Duxbury  Press. 
Fourth  ed.  California,  chapter  5  pp.  842-897. 

Pirozok,  R.  P.  C.  F.  Helmboldt,  and  E.  L.  Jungherr.  1957.  A  rapid  histological  technique 
for  diagnosis  of  Infectious  Avian  Laryngotracheitis.  J.Am.  Vet.  Med.  Assoc.  130:406-408. 

Powell,  P.C.  1987.  Immune  mechanisms  in  infections  of  poultry.  Vet.  Immun.  and 
Immunopath.  15:  87-113. 

Prideaux,  C.  T.,  K.  Kongsuwan,  M.  A.  Johnson,  M.  Sheppard,  and  K.  J.  Fahey.  1992. 
Infectious  laryngotracheitis  virus  growth,  DNA  replication,  and  protein  synthesis.  Arch. 
Virol.  123:181-192. 

Pulsford,  M.  F.,  and  J.  Stokes.  1953.  Infectious  Laryngotracheitis  in  South  Australia. 
Aust.  Vet.  J.  29:  8-12. 

Purcell,  D.  A.  1971a.  Histopathology  of  Infectious  Laryngotracheitis  in  fowl  infected  by 
an  aerosol.  J.  Comp.  Path.  81:421-431. 

Purcell,  D.  A.  1971b.  The  ultrastructural  changes  produced  by  infectious  laryngotracheitis 
virus  in  tracheal  epithelium  of  the  fowl.  Res.  Vet.  Sci.  12:455-458. 

Purchase,  H.  G.  1985.  Future  applications  of  biotechnology  in  poultry.  Avian  Dis.  30:47- 
59. 

Raggi,  L.  G.,  and  G.  G.  Lee.  1965.  Infectious  Laryngotracheitis  outbreaks  following 
vaccination.  Avian  Dis.  9:  559-565. 


121 


Reddy,  S.  K.,  J.  M.  Sharma,  J.  Ahmad,  D.  N.  Reddy,  J.  K.  McMillen,  S.  M.  Cook,  M.  A. 
Wild,  and  R.  D.  Schwartz.  1996.  Protective  efficacy  of  a  recombinant  Herpesvirus  of 
Turkeys  as  an  in-ovo  vaccine  against  Newcastle  and  Marek's  diseases  in  specific- 
pathogen-free  chickens.  Vaccine.  14:469-477. 

Reed,  L.  J.,  and  H.  Muench.  1938.  A  simple  method  for  estimating  fifty  per  cent 
endpoints.  Am.  J.  Hyg.  27:493-496. 

Reynolds,  H.  A.,  A.  M.  Watrach,  and  L.  E.  Hanson.  1968.  Development  of  the  nuclear 
inclusion  bodies  of  Infectious  Laryngotracheitis.  Avian  Dis.  12:332-347. 

Robertson,  G.  M.  1977.  The  role  of  bursa-dependent  responses  in  immunity  to  Infectious 
Laryngotracheitis.  Research  in  Vet.  Sci.  22:281-284. 

Robertson,  G.  M.,  and  J.  R.  Egerton.  1981.  Replication  of  Infectious  Laryngotracheitis 
virus  in  chickens  following  vaccination.  Aust.  Vet.  J.  57:  119-123. 

Russell,  R.  G.  1983.  Respiratory  tract  lesions  from  Infectious  Laryngotracheitis  virus  of 
low  virulence.  Vet.  Pathol.  20:360-3369. 

Saif,  Y.  M,  J.  K.  Rosenberger,  S.  S.  Cloud,  M.  A.  Wild,  J.  K.  McMillen,  and  R.  D. 
Schwartz.  1994.  Efficacy  and  safety  of  a  recombinant  herpesvirus  of  turkeys  containing 
genes  from  infectious  laryngotracheitis  virus.  Proc.  Am.  Vet.  Med.  Assoc.,  Minneapolis, 
MNp.  154. 

Samberg,  Y.,  E.  Curperstein,  U.  Bendheim,  and  I.  Aronovici.  1971.  The  development  of  a 
vaccine  against  Avian  Infectious  Laryngotracheitis  IV.  Immunization  of  chickens  with  a 
modified  Laryngotracheitis  vaccine  in  the  drinking  water.  Avian  Dis.  15:  413-417. 

Sander,  J.  E.,  and  S.  G.  Thayer.  1997.  Evaluation  of  ELISA  titers  to  Infectious 
Laryngotracheitis.  Avian  Dis.  41:429-432. 

SAS  User's  Guide.  Statistics.  1991.  SAS  Inst.  INC.  Cary,  NC. 

Seddon,  H.  R,  and  L.  Hart.  1935.  The  occurrence  of  infectious  laryngotracheitis  in  fowls 
in  New  South  Wales.  Aust.  Vet.  J.  1 1 :2 12-222. 

Sharma,  J.  M.  1991.  Overview  of  avian  immune  system.  Vet.  Immunol,  and  Immunopath 
30:13-17. 

Shibley,  G.  P.,  R.  E.  Luginbuhl,  and  C.  F.  Helmboldt.  1962.  A  study  of  Infectious 
Laryngotracheitis  virus.  I.  Comparison  of  serologic  and  immunogenic  properties  Avian 
Dis.  6:  59-71. 


Sinkovic,  B.  1968.  Vaccination  of  day-old  chickens  against  Infectious  Laryngotracheitis 
by  conjunctival  instillation.  Aust.  Vet.  J.  44:  55-57. 

Swayne,  D.  E.,  J.  R.  Beck,  and  T.  R.  Mickle.  1997.  Efficacy  of  recombinant  Fowl 
Poxvirus  vaccine  in  protecting  chickens  against  a  highly  pathogenis  Mexican-origin  H5N2 
Avian  Influenza  virus.  Avian  Dis.  41:910-922. 

Taylor,  J.,  L.Christensen,  R.  Getting,  J.  Goebel,  J.  Bouquet,  T.  R.  Mickle,  and  E.  Paoletti. 
1996.  Efficacy  of  a  recombinant  Fowl  Pox-based  Newcastle  disease  virus  vaccine 
candidate  against  velogenic  and  respiratory  challenge.  Avian  Dis.  40:173-180. 

Taylor,  J.,  R.  Weinberg,  Y.  Kawaoka,  R.  Webster,  and  E.  Paoletti.  1988.  Protective 
immunity  against  avian  influenza  induced  by  a  fowlpox  virus  recombinant.  Vaccine.  6: 
504-508. 

Tripathy,  D.  N.,  and  L.  E.  Hanson.  1989.  Laryngotracheitis.  In:  A  laboratory  manual  for 
the  isolation  and  identification  of  avian  pathogens.  Third  ed.  H.  G.  Purchase,  L.  H.  Arp,  C. 
H.  Domermuth,  and  J.  E.  Pearson  (eds  ).  American  Association  of  Avian  Pathologists, 
Kennett  Square,  PA  pp.85-88. 

Turner  A.  J.  1972.  Persistence  of  virus  in  respiratory  infections  of  chickens.  Aust.  Vet.  J. 
48:  361-363. 

Uppal,  P.  R,  and  H.  P.  Chu.  1970.  An  electron-microscope  study  of  the  trachea  of  the 
fowl  infected  with  avian  infectious  bronchitis  virus.  J.  Med.  Microbiol.  3:643-647. 

Vanderkop,  M.  A.  1993.  Infectious  laryngotracheitis  in  commercial  broiler  chickens.  Can. 
Vet.  J.  34:185. 

Watrach,  A.  M.  L.  E.  Hanson,  and  M.  A  Watrach.  1963.  The  structure  of  Infectious 
Laryngotracheitis  Virus.  Virology.  21:601-608. 

Watrach,  A.  M.,  A.  E.  Vatter,  L.  E.  Hanson,  M.  A.  Watrach,  and  H.  E.  Rhoades.  1959. 
Electron  microscopic  studies  of  the  virus  of  Avian  Infectious  Laryngotracheitis.  Am.  J. 
Vet.  Res.  20:537-544. 

Williams,  R.  A,  M.  Bennett,  J.  M.  Bradbury,  R.  M.  Gaskell,  R.  C.  Jones,  and  F.  T.  W. 
Jordan.  1992.  Demonstration  of  sites  of  latency  of  infectious  laryngotracheitis  virus  using 
the  polymerase  chain  reaction.  J.  Gen.  Virol.  73:2415-2430. 

Williams,  R.  A,  C.  E.  Savage,  and  R.  C.  Jones.  1994.  A  comparison  of  direct  electron 
microscopy,  virus  isolation  and  DNA  amplification  method  for  the  detection  of  avian 
infectious  laryngotracheitis  virus  in  field  material.  Avian  Pathol.  23:709-720. 


123 


Witter,  R.  L.  1971.  Marek's  disease  research  -  history  and  perspectives.  Poult.  Sci. 
50:333-342. 

Witter,  R.  L.  1985.  Review.  Vaccines  and  vaccination  against  Marek's  disease.  In:  B.  W. 
Calnek,  and  J.  L.  Spencer  (eds  ).  Proc.  Int.  Symp.  Marek's  disease.  American  Association 
of  Avian  Pathologists,  Kennett  Square,  PA,  pp. 482-500. 

Witter,  R.  L.  1987.  New  serotype  2  and  attenuated  serotype  1  Marek's  disease  vaccine 
viruses:  Comparative  efficacy.  Avian  Dis.  31:752-765. 

Witter,  R.  L.  1997.  Increased  virulence  of  Marek's  disease  virus  field  isolates.  Avian  Dis. 
41:149-163. 

Witter,  R.  L.,  L.  D.  Bacon,  and  J.  G.  Calvert.  1994.  Partial  inhibition  by  Turkey 
Herpesvirus  of  serotype  2  Marek's  disease  virus  plaque  formation  and  in  vivo  infectivity. 
Avian  Dis.  38:800-809. 

Witter,  R.  L.,  D.  Li,  D.  Jones,  L.  F.  Lee,  and  H.  J.  Kung.  1997.  Retroviral  insertional 
mutagenesis  of  a  herpesvirus:  A  Marek's  disease  virus  mutant  attenuated  for  oncogenicity 
but  not  for  immunosuppression  or  in  vivo  replication.  Avian  Dis.  41:407-421. 

Wu,  P.,  L.  F.  Lee,  and  W.  M.  Reed.  1997.  Serlogical  chracteristic  of  a  membrane 
glycoprotein  gp82  of  Marek's  disease  virus.  Avian  Dis.  41:824-831. 

York,  J.  J.,  and  K.  J.  Fahey.  1988.  Diagnosis  of  Infectious  Laryngotracheitis  using  a 
monoclonal  antibody  Elisa.  Avian  Path.  17:  173-182. 

York,  J.  J.,  and  K.  J.  Fahey.  1990.  Humoral  and  cell-mediated  immune  responses  to  the 
glycoproteins  of  infectious  laryngotracheitis.  Archives  of  Virology.  115:  289-297. 

York,  J.  J.,  and  K.  J.  Fahey.  1991.  Vaccination  with  affinity-purified  glycoproteins 
protects  chickens  against  infectious  laryngotracheitis  herpesvirus.  Avian  Pathology.  20: 
693-704. 

York,  J.  J.,  S.  Sonza,  and  K.  J.  Fahey.  1987.  Immunogenic  glycoproteins  of  Infectious 
Laryngotracheitis  Herpesvirus.  Virology  161:  340-347. 

York,  J.  J.,  J.  G.  Young,  and  K.  J.  Fahey.  1989.  The  appearance  of  viral  antigen  and 
antibody  in  the  trachea  of  naive  and  vaccinated  chickens  infected  with  infectious 
laryngotracheitis  virus.  Avian  Pathology.  18:  643-648. 


BIOGRAPHICAL  SKETCH 


Amelia  Cristina  Luengo  Coscorrosa  was  born  on  August  28,  1951,  in  Maracaibo, 
Zulia  state,  Venezuela.  She  graduated  from  the  College  of  Veterinary  Medicine  of  the 
University  of  Zulia,  in  July  1976,  where  she  graduated  first  among  48  students  with  an 
average  grade  point  3  .41  (16.56).  Since  May  1977,  she  has  been  working  as  a  professor  at 
the  College  of  Veterinary  Medicine,  University  of  Zulia,  teaching  Animal  Physiology.  In 
June  1991,  she  was  promoted  to  full  professor,  teaching  Veterinary  Pathology.  During  her 
Sabbatical  year  in  1986,  she  attended  an  electron  microscopy  course  at  the  University  of 
Costa  Rica.  In  May  1996,  she  graduated  with  a  Master  of  Science  in  poultry  pathology 
from  the  University  of  Florida,  College  of  Veterinary  Medicine.  Since  May  1996,  she  has 
been  continuing  her  studies  as  a  graduate  student  working  towards  the  degree  of  Doctor 
of  Philosophy  in  the  Department  of  Dairy  and  Poultry  Sciences,  College  of  Agriculture  at 
the  University  of  Florida.  She  has  two  children,  Jose  Joaquin  Vargas  Luengo  and  Adriana 
Isabel  Vargas  Luengo. 


124 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it  conforms  to 
acceptable  standards  of  scholarly  presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


Gary  D.  Buwher,  Chair 
Associate  Professor  of  Animal  Science 

1  certify  that  1  have  read  this  study  and  that  in  my  opinion  it  conforms  to 
acceptable  standards  of  scholarly  presentation  and  is  fully  adequate,  in  scope  and  quality 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


Richard  D.  Miles 
Professor  of  Dairy  and  Poultry  Sciences 

I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it  conforms  to 
acceptable  standards  of  scholarly  presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 

H.  Herbert  Head 

Professor  of  Dairy  and  Poultry  Sciences 

I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it  conforms  to 
acceptable  standards  of  scholarly  presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 

R.  Kenneth  Braun 

Professor  of  Veterinary  Medicine 

I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it  conforms  to 
acceptable  standards  of  scholarly  presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


Wayne  T.  McCormack 

Associate  Professor  of  Pathology  and 

Laboratory  Medicine 


This  dissertation  was  submitted  to  the  Graduate  Faculty  of  the  College  of 
Agriculture  and  to  the  Graduate  School  and  was  accepted  as  partial  fulfillment  of  the 
requirements  for  the  degree  of  Doctor  of  Philosophy. 


May  1998 


Dean,  College  of  Agriculture 


Dean,  Graduate  School 


